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(54) [TITLE OF THE INVENTION] ELECTRON EMITTING DEVICE, 
ELECTRON SOURCE AND MANUFACTURING METHOD OF IMAGE 
FORMING APPARATUS 

(57) [ABSTRACT] 

[OBJECT1 To provide an electron emitting device easily increased for its 
area and having good power efficiency, and an image forming apparatus 
using this electron emitting device and having little uneven luminance. 

[CONSTITUTION] In the manu- 
facturing method of an electron 
emitting device including a conduc- 




tive film 4, which has an electron w 
emitting section 5 formed between 
electrodes 2 and 3, a process of 
forming the electron emitting sec- 
tion 5 includes the steps of: 

CM 

reducing the conductive film made 
of oxide, or metal and oxide; and 
supplying power to the conductive 
film, which is carried out before or 
after the reducing step. 

[CLAIMS] 

[Claim 1] A manufacturing method of an electron emitting device including 
a conductive film, which has an electron emitting section formed between 
electrodes, is characterized in that a process of forming said electron emit- 
ting section includes the steps of: reducing a conductive film made of oxide, 
alternatively metal and oxide; and supplying power to the conductive film, 
which is carried out before/after the reducing step. 

[Claim 2] A manufacturing method of an electron emitting device accord- 
ing to claim 1, characterized in that said conductive film is made of oxide 
selected from the group consisting of PdO, Sn0 2 , ln 2 0 3) PbO, Sb 2 0 3 , MoO 
and Mo0 2 , alternatively a mixture of metal and said oxide, the metal being 
selected from the group consisting of Pd, Pt, Ru, Ag, Au, Ti, In, Mo, Cu, Cr, 
Fe, Zn, Sn, Ta, W and Pb. 

[Claim 3] A manufacturing method of an electron emitting device accord- 
ing to any one of claims 1 and 2, characterized in that said power supplying 
step carried out before the reducing step is finished when a current flowing 
to the conductive film becomes a specified current value, alternatively lower. 
[Claim 4] A manufacturing method of an electron source including a plu- 
rality of electron emitting devices disposed on a substrate is characterized 
in that said electron emitting devices are manufactured by any of the 
methods specified in claims 1 to 3. 

[Claim 5] A manufacturing method of an image forming apparatus in- 
cluding an electron source having a plurality of electron emitting devices 
disposed on a substrate and an image forming member adapted to form an 
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image by irradiation with electrons from the electron source is character- 
ized in that said electron emitting devices are manufactured by any of the 
methods specified in claims 1 to 3. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Technical Field of the Invention] The present invention relates to an elec- 
tron emitting device, an electron source and a manufacturing method of an 
image forming apparatus. 
[0002] 

[Prior Art] Conventionally, two kinds of electron emitting devices have 
been known: a thermoelectron source and a cold cathode electron source. 
As cold cathode electron sources, there are available a field emission type 
(abbreviated to an FE type, hereinafter), a metallic/insulating layer/metallic 
type (abbreviated to an MIM type, hereinafter), a surface conductive elec- 
tron emitting device, and so on. Examples of FE types include those 
described in "Field emission" by W. P. Dyke & W. W. Dolan, Advance in Elec- 
tron Physics, 8,89 (1956), "PHYSICAL Properties of thin-film field emission 
cathodes with molybdenum cones" by C. A. Spindt, J. Appl. Phys., 47,52488 
(1976), and so on. 

[0003] Examples of MIM types include those disclosed in "Operation of 
Tunnel-Emission Devices" by C. A. Mead, J. Apply. Physics., 32,646 (1961), 
and so on. 

[0004] Examples of surface conductive electron emitting devices include 
those described in Radio Eng. Electron Phys., 10, (1965) by M. I. Elinson, 
and so on. 

[0005] The surface conductive electron emitting device utilizes a phe- 
nomenon of electron emission generated by supplying a current to a small- 
area thin film formed on a substrate in parallel with a film surface. Exam- 
ples of such surface conductive electron emitting devices include those using 
an Sn0 2 thin film presented in the foregoing report by Elinson and et al., 
using an Au thin film presented in "Thin Solid Films", 9,317 (1972) by G. 
Dittmer, using an In 2 0 3 /Sn0 2 thin film presented in "IEEE Trans. ED Conf.", 
519 (1975) by M. Hartwell and C. G. Fonstad, using a carbon thin film pre- 
sented in p. 22 of "Vacuum", vol. 26, 1st edition (1983), by H. Araki and et 
aL, and so on. 
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[0006] As a typical example of device constitutions of the above surface 
conductive electron emitting devices, the device constitution by M. Hartwell 
is shown in Fig. 23. In the drawing, a reference numeral 221 denotes a 
substrate. A reference numeral 224 denotes a conductive thin film, which 
is a metallic oxide thin film or the like formed in the pattern of an H shape 
by sputtering. An electron emitting section 223 is formed by later- 
described energization called energization forming. In the drawing, an in- 
terval L between device electrodes is set in a range of 0.5 to 1mm, and W is 
set to 0.1mm. The electron emitting section 223 is shown only schemati- 
cally because of undetermined position and shape thereof. 
[0007] Conventionally, in the surface conductive electron emitting device, 
the electron emitting section 223 has generally been formed by performing 
energization called energization forming for the conductive thin film 224 
before electron emission is carried out. The energization forming specifi- 
cally means that DC voltages or very slow boosted voltages, e.g., about 1 
V/min., are applied to both ends of the conductive thin film 224 for energi- 
zation, the conductive thin film 224 is locally fractured, deformed or 
changed in quality, and then the electron emitting section 223 set in a high 
electric resistance state is formed. In the electron emitting section 223, 
electron emission is performed from the vicinity of fissures, which partially 
occur in the conductive thin film 224. The surface conductive electron 
emitting device subjected to the energization forming is adapted to emit 
electrons from the electron emitting section 223 by applying a voltage to the 
conductive thin film 224 and supplying currents to the devices. 
[0008] The foregoing surface conductive electron emitting device is advan- 
tageous in that a number of devices can be arrayed and formed in a large 
area because of its simple structure and easy manufacturing. Thus, vari- 
ous application studies have been conducted to make use of this feature. 
Examples include a charged beam source, a display device, and so on. An 
example of arraying and forming a number of surface conductive electron 
emitting devices may be, as described later, an electron source constructed 
in a manner that surface conductive electron emitting devices are arrayed 
in parallel (called ladder arrangement), and many rows of connected devices 
are arrayed, both ends of each device being connected by a wiring (called a 
common wiring) (e.g., Patent Laid-Open Sho 64 (1989)-031332, Patent Laid- 
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Open Hei 1 (1989)-283749, Patent Laid-Open H2 (1990)-25752 or the like). 
In recent years, especially in an image forming apparatus of a display de- 
vice or the like, a flat-plate display device has gained in popularity instead 
of a CRT. But this display device is not a selfluminous type, and problems 
of a need to provide a back light, and so on, have been inherent. Thus, de- 
velopments of selfluminous display devices have been demanded. An 
example of such a selfluminous display device may be an image forming ap- 
paratus, which is a display device constructed in a manner that an electron 
source having a number of surface conductive electron emitting devices ar- 
rayed is combined with a fluorescent substance capable of emitting visible 
lights by electrons from the electron source (e.g., USP 5066883). 
[0009] 

[Problems to be solved by the invention] Conventionally, the conductive 
thin film 224 has been made of a material having sufficient resistance com- 
pared with a metallic film. This is for the reason that since the electron 
emitting section is formed by the energization forming, a current necessary 
for the energization forming is increased if resistance of the conductive thin 
film used for forming the electron emitting section is reduced and, conse- 
quently, an impractical energization apparatus of large-current 
specifications must be provided for manufacturing a multi-electron source 
adapted to subject a plurality of devices to simultaneous energization 
forming. 

[0010] On the other hand, in the electron source and the image forming 
apparatus using the electron source, following enlargement (achievement of 
a large area) of the device, for patterning the device electrodes or the like, 
a length (gap length) between the devices of the surface conductive electron 
emitting device should be set equal to 3 u m or higher, preferably equal to 10 
/imor higher. This setting is necessary because of manufacturing prob- 
lems such as performance of an exposing apparatus, yield or the like. 
[0011] The forgoing conductive thin film is realized to have proper resis- 
tance by using a thin film made of a metallic oxide or a mixture of metal 
and oxide. However, particularly in the case of a device having a wide gap 
length, a problem of distribution occurred regarding widths of fissures 
formed in the electrode gap during forming. Such distribution of fissure 
widths occurred, because the wide gap increased the distribution of resis- 
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tance generated by film thickness distribution of the conductive thin film m 
the gap, and power consumed by the energization forming differed locally. 
When electrons are emitted from the fissure portions by applying a voltage 
to between driving electrodes of the device having a fissure width distribu- 
tion, distribution may also occur regarding field intensities applied to the 
fissure portions because of the above distribution, and electron emitting sec- 
tions may be located one-sidedly. Consequently, a pixel center of the 
fluorescent substance may be shifted from an electron beam center to cause 
a reduction in luminance. Such has been a cause of luminance distribution. 
Further, in the case of the device having the film made of a metallic oxide 
and having a thin thickness, no forming currents flew, and no fissures were 
formed in some portions. This state resulted in ohmic current leakage 
during the driving of electron emission, and caused an increase m driving 
power. 

[0012] Next, description will be made for fissure formation during forming 
by referring to Fig. 22, assuming existence of film thickness distribution of 
the conductive thin film. In Fig. 22(a), a reference numeral 1 denotes an 
insulating substrate; and 2 and 3 metallic electrodes adapted to inject elec- 
trons to devices. A reference numeral 4 denotes a conductive thin film; 217 
a center portion of the conductive thin film; and 218 and 219 two ends of 
the conductive thin film. Forming is carried out by applying a voltage from 
an external power source V through the electrodes 2 and 3 to the conductive 
thin film In this case, considering that a film thickness of the conductive 
thin film differs between the two ends 218 and 219 and the center portion 
217 when an electron emitting section is formed in a center portion between 
the electrodes, a film thickness in the center portion 217 is set thicker than 
those in the two ends 218 and 219. Generally, however, there will be no 
problem even if a difference exists in film thickness of the conductive thin 
film. 

[0013] In this case, assuming that a film thickness in the center portion 
217 of the conductive thin film is ds, a width ws, and resistance Rs, and a 
film thickness of the conductive thin film in each of the two ends 218 and 
219 is df, a width wf and resistance Rf, then the devices are subjected to 
forming by an equivalent circuit like that shown in Fig. 22(b). If a resis- 
tivity of the conductive thin film is a fixed value P and power necessary for 
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forming is PO, then the conductive thin film is provided with resistance 
components connected in parallel. Thus, a driving voltage necessary for 
applying the power PO is represented by the following expression 1. A volt- 
age in each of the two ends 218 and 219 is Vf, and a voltage in the center 
portion is Vs. 
[0014] 

[Expression 1] 

Vf:Vs=(P0 X Rf) 1/2 :(P0 X Rs) 1/2 
=Rf 1/2 :Rs 1/2 

=(dsXws) l/2 :(dfXwf) 1/2 
In other words, Vf is larger as a ratio of df with respect to ds is smaller. In 
the case of extremely thin formation, a voltage necessary for forming be- 
comes excessively large. This state widens widths of fissures already 
subjected to forming, advances reduction of the conductive thin film by en- 
ergization, and supplies a large current because of low resistivity. Such 
has been a cause of distribution of fissure widths. 

[0015] Incomplete forming like that shown in Fig. 22(c) has caused an in- 
crease in power consumption because of current leakage during the driving 
of electron emission. An increase in the number of devices correspondingly 
increases current leakage. Thus, a high-quality image forming apparatus 
or a large-screen image forming apparatus having a number of pixels in- 
creased was disadvantageous in that power consumption became 
unnecessarily large. In addition, to increase power efficiency, it is neces- 
sary to limit film thickness distribution of the devices small, and to limit 
the degree of freedom for designing a device shape. Thus, in the case of the 
conductive thin film formed by a simple manufacturing method such as 
printing, an ink jet method, a bubble jet method or the like, it was difficult 
to set film thickness distribution small. Therefore, the difficulty of per- 
forming mass production has been a problem. 

[0016] The present invention was made to solve the foregoing problems, 
and it is an object of the invention to provide an electron emitting device 
easily constituted, easily enlarged (increased in area) and having good pow- 
er efficiency, and thus to realize an image forming apparatus having little 
uneven luminance. 
[0017] 
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[Means for Solving the Problems] In order to achieve the object, in accor- 
dance with the invention, a manufacturing method of an electron emitting 
device including a conductive film, which has an electron emitting section 
formed between electrodes, is characterized in that a process of forming the 
electron emitting section includes the steps of: reducing a conductive film 
made of oxide, or metal and oxide; and supplying power to the conductive 
film, which is carried out before or after the reducing step. 
[0018] The manufacturing method is also characterized in that the conduc- 
tive film is made of oxide selected from the group consisting of PdO, SnO z , 
ln 2 0 3) PbO, Sb 2 0 3) MoO and Mo0 2 , alternatively a mixture of this oxide and 
metal selected from the group consisting of Pd, Pt, Ru, Ag, Au, Ti, In, Mo, 
Cu, Cr, Fe, Zn, Sn, Ta, W and Pb. 

[0019] The manufacturing method is also characterized in that the power 
supplying step carried out before the reducing step is finished when a cur- 
rent flowing to the conductive film becomes a specified current value or 
lower. 

[0020] A manufacturing method of an electron source including a plurality 
of electron emitting devices disposed on a substrate is characterized in that 
the electron emitting devices are manufactured by any of the foregoing 
methods. 

[0021] A manufacturing method of an image forming apparatus including 
an electron source having a plurality of electron emitting devices disposed 
on a substrate and an image forming member adapted to form an image by 
irradiation with electrons emitted from the electron source is characterized 
in that the electron emitting devices are manufactured by any of the fore- 
going methods. 
[0022] 

[Preferred Embodiments of the Invention] Next, description will be made 
for the preferred modes of carrying out the present invention. First, a 
forming step as one of the features of the invention will be described by 
referring to Fig. 1. An energization operation called energization forming 
conducts power from a not-shown power source to between device electrodes 
2 and 3, and forms an electron emitting section 5 changed in structure in 
the portion of a conductive thin film 4. By means of this energization 
forming, the conductive thin film 4 is locally fractured, deformed or changed 
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in quality, and a structure-changed portion is called an electron emitting 
section 5. An example of a voltage waveform of the energization forming is 
shown in Fig. 2. 

[0023] Tl and T2 in Fig. 2 denote a pulse width and a pulse interval of a 
voltage waveform. Tl is set in a range of 1 microsecond to 10 millisecond, 
and T2 is set in a range of 10 microsecond to 100 millisecond. A peak value 
of a triangular wave (peak voltage of an energization forming pulse) is in- 
creased by, for instance 0.1V step, and application is performed under 
proper vacuum atmosphere. 

[0024] A peak value of a triangular wave and a current value at the peak 
value are shown in Fig. 3. A peak value of a current is Imax, and a voltage 
at this time is Vmax. 

[0025] Usually, energization forming is finished by checking a current val- 
ue at the time of maximum voltage application of a triangular wave. 
Specifically, an device current is measured by a voltage for bringing about 
no local fracture or deformation of the conductive thin film 4 in the peak 
value interval T2, e.g., by a voltage of about the 0.1V, and a resistance value 
is obtained. Then, if the resistance value shows 1M ohm or higher, energi- 
zation forming is finished. However, if achievement of high resistance is 
difficult because of the foregoing film thickness distribution of the conduc- 
tive thin film, forming of a first round is finished when a fixed rate of a 
current value with respect to Imax is reached. A rate with respect to Imax 
is properly measured based on a material of the conductive thin film and an 
average film thickness. But the rate should preferably be set equal to 90% 
or lower (Iend/Imax^0.9). 

[0026] Then, reducing is performed by heat treatment in vacuum, reducing 
gas atmosphere treatment or the like. This operation is carried out by 
loading the device on a reducing apparatus 7 and until a full surface of the 
conductive thin film 4 is completely reduced. 

[0027] Lastly, the reduced conductive thin film is subjected to energization 
forming again. A content of this step is the same as that of the first round. 
Specifically, a device current is measured, and a resistance value is obtained. 
When the resistance value shows 1M ohm or higher, for example, the ener- 
gization forming is finished. Accordingly, since the reducing operation 
causes a portion having a thin film thickness and relatively low resistance 
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to have low resistance and a current to flow, the forming is brought to an 
end by a low voltage. 

[0028] Thus, for the electron emitting device, fissures formed by forming 
become uniform, and reproducibility regarding a position of the electron 
emitting section and an emission quantity is increased. In this way, manu- 
facturing yield is improved. Formation of a number of devices reduces 
variance in electron emission quantities among the devices, and uniformity 
can be improved. Also, formation of the electron emitting device on a large- 
area substrate enables a film thickness margin of the conductive thin film 
to be widened by using the manufacturing method of the invention. Thus, 
the device can be manufactured at low costs by a simple method such as 
printing, an ink jet method, a bubble jet method, a spraying method or the 
like. With an image forming apparatus using the above electron source, a 
large display device having highly uniform luminance can be realized. 
[0029] First, description will be made for a flat surface conductive electron 
emitting device. Fig. 4 is a schematic view showing constitution of a flat 
surface conductive electron emitting device, to which the invention can be 
applied. Fig. 4(a) is a plan view; and Fig. 4(b) is a sectional view. In Fig. 4, 
a reference numeral 1 denotes a substrate; 2 and 3 device electrodes; 4 a 
conductive thin film; and 5 an electron emitting section. 

[0030] A material for the substrate 1 may be quartz glass, glass having a 
reduced impurity content such as Na or the like, blue plate glass, a glass 
substrate laminating Si0 2 formed by sputtering or the like on the blue plate 
glass, ceramic such as alumina, an Si substrate or the like. 
[0031] For the device electrodes 2 and 3 oppositely located, general conduc- 
tive materials can be used. For example, materials may be selected from 
metal such as Ni, Cr, Au, Mo, W, Pt, Ti, Al, Cu, Pd or the like, and an alloy 
thereof, metal such as Pd, Ag, Au, Ru0 2 , Pd-Ag or the like, a printed con- 
ductor made of metallic oxide and glass or the like, a transparent conductor 
such as ln 2 0 3 or the like, a semiconductor material such as polysilicon or 
the like, and so on, as occasion demands. 

[0032] A device electrode interval L, a device electrode length W and a 
shape of the conductive thin film 4 are designed by considering a form to be 
applied or the like. Preferably, the device electrode interval L can be set in 
a range of several thousand A to several hundred micrometers. More 



11 



Tbkkaihei 9-223459 



preferably, it can be set in a range of several micrometers to several tens of 
micrometers by considering a voltage or the like to be applied to between 
the device electrodes. 

[0033] The device electrode length W can be set in a range of several mi- 
crometers to several hundred micrometers by considering a resistance value 
of the electrode and an electron emission characteristic. A film thickness d 
of each of the device electrodes 2 and 3 can be set in a range of several hun- 
dred A to several micrometers. 

[0034] Other than the constitution shown in Fig. 4, the electron emitting 
device can be constituted by sequentially laminating the conductive thin 
film 4, the opposing device electrodes 2 and 3 on the substrate 1. 
[0035] For the conductive thin film 4, to obtain a good electron emission 
characteristic, a fine-grain film made of fine grains should preferably be 
used. A film thickness thereof is properly set by considering step coverage 
of the device electrodes 2 and 3, resistance value between the device elec- 
trodes 2 and 3, a later-described forming condition or the like. Usually, 
however, a film thickness should preferably be set in a range of several A 
to several thousand A, and more preferably in a range of 10 A to 500 A. 
For a resistance value thereof, Rs is set to a value ranging from 10 2 to 10 
Q/D. Rs appears when resistance R of a thin film having a thickness t, a 
width W and a length I is R=Rs(l/w). 

[0036] A material for the conductive thin film 4 may be properly selected 
from oxide such as PdO, Sn0 2 , ln 2 0 3 , PbO, Sb 2 0 3 , MoO, Mo0 2 or the like, a 
mixture of this oxide and metal such as Pd, Pt, Ru, Ag, Au, Ti, In, Mo, Cu, 
Cr, Fe, Zn, Sn, Ta, W, Pb or the like. 

[0037] The fine-grain film described herein is a film made of a collection of 
a plurality of fine grains, and its fine structure takes a state where fine 
grains are individually dispersed and arranged, alternatively a state where 
fine grains are adjacent to one another or laid over one another (including a 
case where some fine grains are collected to form a crystal structure as a 
whole). A diameter of a fine grain is set in a range of several A to several 
thousand A, preferably in a range of 10 A to 200 A. 

[0038] As a term "fine grain" is frequently used in this specification, its 
meaning is now described. A small grain is called "a fine grain", and one 
smaller than a fine grain is called "a superfine grain". One smaller than "a 
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superfine grain" and the number of atoms set equal to several hundreds or 
lower is called "a cluster". However, boundaries among these grains are 
not clearly defined, and change depending on classification based on a char- 
acteristic to be heeded. "A fine grain" and "a superfine grain" are 
sometimes called "superfine grains" altogether and description in this speci- 
fication is along this Une. 

[0039] "Lecture of Experimental Physics 14 Surface/Fine grains" (By K. 
Kmoshita, Kyoritsu Publishing Co., Sep. 1, 1986) describes the terms as 
follows: "A fine grain in this paper has a diameter set in a range of 2 and 3 
Mm to lOnm, and when a special mention is made of a superfine grain, its 
diameter is set in a range of lOnm to 2 and 3nm. As both may be simply 
described as fine grains altogether, no clear-cut difference exists. These are 
simple references. If the number of atoms made of grains is two to several 
tens, or to several hundreds, then the grains are called clusters" (lines 22 to 
26 of p. 195). 

[0040] To add, in "New Superfine Grain Project" by Research Development 
Corporation of Japan, a lower limit of a grain diameter was much smaller, 
and "a superfine grain" was defined as follows: In "Superfine Grain Project 
(1981 to 1986) of Creative Science Technology Promotion System, decision 
was made to call a grain having a size (diameter) set in a range of 1 to 
lOOnm as "a superfine grain" (ultrafineparticle). This means that one su- 
perfine grain is a collection of 100 to 10 8 atoms. Using an atom as a 
yardstick, a superfine grain is a large to a giant grain". ("Superfine Gram- 
Creative Science Technology" by S. Hayashi, R. Ueda, A. Tasaki; lines 1 to 4, 
p 2 by Mita Publishing Co.), "one smaller than a superfine gram, i.e., one 
grain made of several to several hundred atoms, is usually called a cluster 
(lines 12 to 13, p. 2). 

[0041] In accordance with the foregoing definition, in this specification, a 
fine grain" is a collection of a number of atoms/molecules. A lower limit of a 
grain diameter is set in a range of several A to 10 A, and an upper limit is 
set in a range of several U m. 

[0042] The electron emitting section 5 includes fissures of high resistance, 
which are partially formed in the conductive thin film 4. This section is 
formed, depending on a film thickness, quality and material of the conduc- 
tive thin film 4 and a method such as later-described energization forming 
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or the like. Inside the electron emitting section 5, conductive fine grains 
having diameters set in a range of several A to several hundred A may 
exist. Each conductive fine grain contains partial or all elements of a ma- 
terial for the conductive thin film 4. The electron emitting section 5 or the 
conductive thin film 4 in the vicinity thereof may contain carbons or carbon 
compounds. 

[0043] Next, description will be made for a vertical surface conductive elec- 
tron emitting device. Fig. 5 is a schematic view showing an example of a 
vertical surface conductive electron emitting device, to which the surface 
conductive electron emitting device of the invention can be applied. In Fig. 
5 portions like those shown in Fig. 4 have like reference numerals. A ref- 
erence numeral 21 denotes a step -difference forming section. A substrate 1, 
device electrodes 2 and 3, a conductive thin film 4 and an electron emitting 
section 5 can be made of the same materials as those of the foregoing flat 
surface conductive electron emitting device. The step-difference forming 
section 21 can be made of an insulating material such as Si0 2 prepared by a 
vacuum evaporation method, a printing method, a sputtering method or the 
like A film thickness of the step-difference forming section 21 corresponds 
to the device electrode interval L of the foregoing flat surface conductive 
electron emitting device, and can be set in a range of several thousand A to 
several tens of micrometers. This film thickness is set by considering the 
preparing method of the step-difference forming section and a voltage ap- 
plied to between the device electrodes, but a preferred range thereof is from 
several hundred A to several of micrometers. 

[0044] The device electrodes 2 and 3 and the step -difference forming sec- 
tion 21 are first manufactured, and then the conductive thin film 4 is 
laminated on the device electrodes 2 and 3. The electron emitting section 5 
is formed in the step -difference forming section in Fig. 5. But a shape and 
a position thereof should not be limited to the step -difference forming sec- 
tion, and these are dependent on a manufacturing condition, a forming 
condition or the like. 

[0045] There are various manufacturing methods for the foregoing surface 
conductive electron emitting device. One example is schematically shown 
in Fig. 6. 

[0046] Now, description will be made for an example of a manufacturing 
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method by referring to Figs. 4 and 6. Also in Fig. 6, portions like those 
shown in Fig. 4 are denoted by like reference numerals. 

[0047] (1) A substrate 1 is sufficiently cleaned by using detergent, pure wa- 
ter, organic solvents or the like. After device electrode materials are 
deposited by a vacuum evaporation method, a sputtering method or the like, 
device electrodes 2 and 3 are formed on the substrate 1 by using, for in- 
stance a technology of photolithography (Fig. 6(a)). 

[0048] (2) Organic metal solution is coated on the substrate 1 having the 
device electrodes 2 and 3 provided thereon to form an organic metal thin 
film. For the organic metal solution, solution of an organic metal com- 
pound using metal of the material of the above conductive thin film 4 as a 
main element can be used. The organic metal thin film is subjected to 
heating and baking, then to patterning by lifting-off, etching or the like to 
form a conductive thin film 4 (Fig. 6(b)). Herein, mention was made for the 
coating method of organic metal solution. But there should be no limita- 
tion on a method of forming the conductive thin film 4 and, in addition to a 
vacuum evaporation method, a spinner method, a spraying method, and so 
on, an ink jet method and a bubble jet method that need no patterning can 
be used. 

[0049] (3) Next, description will be made for a forming step as one of the 
features of the invention by referring to Fig. 1. 

[0050] Energization called energization forming is carried out to form a 
structure-changed electron emitting section 5 in the portion of the conduc- 
tive thin film 4 by supplying power from a not-shown power source to 
between the device electrodes 2 and 3. This energization forming causes 
the conductive thin film 4 to be locally fractured, deformed or changed in 
quality, and a structure-changed portion is called an electron emitting sec- 
tion 5. An example of a voltage waveform of energization forming is shown 
in Fig. 2. 

[0051] In Fig. 2, Tl and T2 denote a pulse width and a pulse interval of a 
voltage waveform. Tl is set in a range of 1 microsecond to 10 milliseconds, 
and T2 is set in a range of 10 microseconds to 100 milliseconds. .A peak 
value of a triangular wave (peak voltage of an energization forming pulse) is 
increased by, for instance about a 0.1V step, and application is performed 
under proper vacuum atmosphere. A peak value of a triangular wave and a 
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current value at a peak value are shown in Fig. 3. A peak value of a cur- 
rent is Imax, and a voltage at this time is Vmax. 

[0052] Usually, the energization forming is finished by checking a current 
value at the time of maximum voltage application of a triangular wave. 
Specifically, in a peak pulse interval T2, a device current is measured by a 
voltage causing no local fracture or deformation of the conductive thin film 
4, e.g., by a voltage of about 0.1V, a resistance value is obtained, and if re- 
sistance shows 1M ohm or higher, the energization forming is finished. 
However, if achievement of high resistance is difficult because of the fore- 
going film thickness distribution of the conductive thin film 4, forming of a 
first round is finished when a current value of a fixed rate with respect to 
Imax is reached or when a voltage of a fixed rate with respect to Vmax is 
reached. Rates with respect to Imax and Vmax are properly set depending 
on a material of the conductive thin film or an average film thickness, but 
these should preferably set equal to 90% or lower. 

[0053] (4) Then, reducing is performed by a heat treatment in vacuum, a 
reducing gas atmosphere treatment or the like. This operation is carried 
out by loading the device on the reduction device 7 (Fig. 1) and until a full 
surface of the conductive thin film 4 is completely reduced. 
[0054] (5) Lastly, the reduced conductive thin film is subjected to ernergi- 
zation forming again. A content of this step is similar to that of the first 
round. A device current is measured to obtain a resistance value. The en- 
ergization forming is finished, for example when resistance shows 1M ohm 
or higher. Since the reducing sets low resistance for the portion having a 
thin film thickness and relatively high resistance, and causes a current to 
flow. Accordingly, forming can be finished by a low voltage. 
[0055] (6) An operation called an activating step should preferably be per- 
formed for the device, for which forming has been completed. The 
activating step causes considerable changes in a device current If and an 
emission current Ie. 

[0056] The activating step can be carried out by, for instance repeating 
pulse application under atmosphere containing organic material gas as in 
the case of the energization forming. This atmosphere can be prepared by 
using organic gas remaining in atmosphere when gas is exhausted in a vac- 
uum container by using, e.g., an oil dispersing pump, a rotary pump or the 
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like. The atmosphere can also be obtained by using an ion pump or the like 
to introduce organic material gas into sufficiently exhausted vacuum. A 
preferable gas pressure of the organic material at this time is set as occa- 
sion demands, because of variance in gas pressures depending on a mode of 
the foregoing application, a shape of the vacuum container, a kind of the or- 
ganic material. A proper organic material may be selected from aliphatic 
hydrocarbons of alkane, alken and alkyne, aromatic hydrocarbons, organic 
acids of alcohol, aldehyde, ketone, amine, phenol, carboxylic acid, sulfonic 
acid or the like, and so on. Specifically, a material can be selected from 
saturated hydrocarbons represented by C n H 2n+2 such as methane, ethane, 
propane or the like, unsaturated hydrocarbons represented by a composi- 
tion formula C n H 2n such as ethylene, propylene or the like, benzene, toluene, 
methanol, ethanol, formaldehyde, acetaldehyde, acetone, methyl ethyl ke- 
tone, methylamine, ethylamine, phenol, formic acid, acetic acid, propionic 
acid, and so on. By this operation, carbons or carbon compounds from the 
organic material existing in the atmosphere are deposited on the device, 
and the device current If and the emission current Ie are considerably 
changed. 

[0057] Determination of an end of the activating step is properly made by 
measuring the device current If and the emission current Ie. A pulse width, 
a pulse interval and a pulse peak value are set as occasion demands. 
[0058] A carbon or a carbon compound contains, for instance graphite 
(HOPG', PG (GC)), HOPG being a nearly complete crystal structure; PG a 
slightly disturbed crystal structure having a crystal grain of about 200A; 
GC a more disturbed crystal structure having a crystal grain of about 20 A, 
or amorphous carbons (amorphous carbons or a mixure of amorphous car- 
bons and crystallite of the graphite). A film thickness thereof should 
preferably be set in a range of 500 A or lower, more preferably in a range of 
300A or lower. 

[0059] (7) The electron emitting device obtained through the foregoing 
steps should preferably be subjected to a stabilizing step. This step ex- 
hausts the organic material from the vacuum container. For a vacuum 
evacuating device for evacuating the vacuum container, one not using oil 
should preferably be selected in order to prevent oil generated from the de- 
from affecting a device characteristic. Specifically, a vacuum 
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evacuating device such as an absorption pump, an ion pump or the like may 
be used. 

[0060] In the above activating step, if an oil dispersing pump or a rotary 
pump is used as an evacuating device and organic gas from an oil compo- 
nent generated therefrom is used, a partial pressure of the oil component 
must be reduced as low as possible. A partial pressure of an organic com- 
ponent in the vacuum container should preferably be set equal to IX 10 8 
Torr, where almost no carbon or carbon compound deposition occurs, more 
preferably 1X10 10 Torr or lower. To evacuate the vacuum container, the 
entire vacuum container should preferably be heated to facilitate exhaus- 
tion of organic material molecules stuck to the inner wall of the vacuum 
container or the electron emitting device. Desired heating conditions at 
this time are 80 to 200^ and 5 hours or more. But no limitation is placed 
in this regard, and heating is carried out by properly selecting a condition 
from various conditions including a size and a shape of the vacuum con- 
tainer, constitution of the electron emitting section, and so on. A pressure 
in the vacuum container must be reduced as low as possible. A preferred 
pressure is 1 to 3 X 10" 7 Torr, more preferably 1 X 10' 8 Torr. 
[0061] Atmosphere at a driving time after the stabilizing step should pref- 
erably be maintained at atmosphere when the stabilizing step is finished. 
But no limitation is placed in this regard, and as long as the organic mate- 
rials are sufficiently eliminated, a sufficiently stable characteristic can be 
maintained even if a degree of vacuum is slightly reduced. 
[0062] By employing such vacuum atmosphere, new deposition of carbons 
or hydrocarbons can be suppressed and, as a result, the device current If 
and the emission current Ie can be stabilized. Next, description will be 
made for basic characteristics of the electron emitting device obtained 
through the foregoing steps, to which the invention can be applied, by refer- 
ring to Figs. 7 and 8. 

[0063] Fig. 7 is a schematic view showing an example of a vacuum proc- 
essing device. This vacuum processing device also functions as a 
measurement evaluating device. Also in Fig. 7, portions like those shown 
in Fig. 4 are denoted by like reference numerals. In Fig. 7, a reference nu- 
meral 55 denotes a vacuum container; and 56 an exhaust pump. An 
electron emitting device is disposed in the vacuum container 55. Specifi- 
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caUy, a reference numeral 1 denotes a substrate constituting the electron 
emitting device; 2 and 3 device electrodes; 4 a conductive thin film; and 5 an 
electron emitting section. A reference numeral 51 denotes a power source 
for applying a device voltage Vf to the electron emitting device; 50 an am- 
meter for measuring a device current If flowing to the conductive thin film 4 
between the device electrodes 2 and 3; and 54 an anode electrode for cap- 
turing an emission current Ie from an electron emitting section of the device. 
A reference numeral 53 denotes a high voltage power source for applying a 
voltage to the anode electrode 54; and 52 an ammeter for measuring an 
emission current Ie from the electron emitting section 5 of the device. As 
an example, measuring can be carried out by setting a voltage of the anode 
electrode in a range of lkV to lOkV, and a distance between the anode elec- 
trode and the electron emitting device in a range of 2mm to 8mm. 
[0064] In the vacuum container 55, an equipment such as a vacuum gage 
or the like necessary for performing measuring under vacuum atmosphere 
is provided, and measurement evaluation can be performed under desired 
vacuum atmosphere. The exhaust pump 56 is composed of a high vacuum 
device system including a turbopump and a rotary pump and an ultrahigh 
vacuum device system including an ion pump, and so on. The entire vac- 
uum processing device shown to have an electron source substrate disposed 
can be heated up to 200t: by a not-shown heater. Accordingly, by using 
this vacuum processing device, the steps after the foregoing energization 
forming step can be carried out. 

[0065] Fig. 8 is a schematic view showing relations among an emission 
current Ie, a device current If and a device voltage Vf measured by using 
the vacuum processing device shown in Fig. 7. In Fig. 8, an emission cur- 
rent Ie is shown by an optional unit, since it is considerably smaller than a 
device current If. Ordinate and abscissa axes are linear. As can be under- 
stood from Fig. 8, the surface conductive electron emitting device, to which 
the invention is applicable, has three special characteristics regarding an 
emission current Ie. 

[0066] Specifically, ( i ) the device is a nonlinear device characterized in 
that when a device voltage of a certain voltage (called a threshold voltage, 
Vth in Fig. 8) or higher is applied, an emission current Ie is suddenly in- 
creased and, on the other hand, when a voltage applied is lower than the 
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threshold voltage Vth, almost no emission currents Ie are detected. In oth- 
er words, a clear threshold value Vth is provided for an emission current Ie. 
(ii) Since an emission current Ie depends on a device voltage Vf for its 
monotonous increase, the emission current Ie can be controUed by the de- 
vice voltage Vf. (iii) Emission charges captured by the anode electrode 54 
depend on the application time of a device voltage. In other words, a char- 
ge quantity captured by the anode electrode 54 can be controlled by the 
application time of the device voltage Vf. 

[0067] As can be understood from the foregoing description, the surface 
conductive electron emitting device, to which the invention is applicable, 
can easily control an electron emitting characteristic according to an input 
signal. Use of this characteristic enables the invention to be applied to 
various fields, such as an electron source composed of a plurality of electron 
emitting devices, an image forming apparatus or the like. 
[0068] In Fig. 8, an example of a monotonous increase of a device current 
If with respect to a device voltage Vf (MI characteristic, hereinafter) is indi- 
cated by a solid line. A device current If may show a voltage control 
negative resistance characteristic ("VCNR characteristic", hereinafter) with 
respect to a device voltage Vf (not shown). These characteristics can be 
controlled by controlling the foregoing step. 

[0069] Next, an application example of the electron emitting device, to 
which the invention can be applied, will be described. A plurality of surface 
conductive electron emitting devices, to which the invention is applicable, 
are disposed on a substrate to constitute, for example an electron source or 
an image forming apparatus. 

[0070] Various arrangements can be employed for the electron emitting 
devices. An example is a ladder arrangement where both ends of each of a 
number of electron emitting devices disposed in parallel are connected, a 
number of rows of electron emitting devices are arrayed (called row direc- 
tion), and electrons from the electron emitting devices are controlled and 
driven by control electrodes (called grid) disposed above the electron emit- 
ting devices in a direction orthogonal to this wiring (called .column 
direction). Another example is an arrangement where a plurality of elec- 
tron emitting devices are disposed in rows and columns in X and Y 
directions, electrodes of the plurality of electron emitting devices disposed 
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in the same row are connected to the wiring of the X direction in common, 
and the other electrodes of the plurality of electron emitting devices dis- 
posed in the same column are connected to the wiring of the Y direction in 
common. Such an arrangement is called a simple matrix arrangement. 
Firs, the simple matrix arrangement is described. 

[0071] The surface conductive electron emitting device, to which the inven- 
tion is applicable, has the foregoing characteristics ( i ), (U) and (iii). 
Specifically, electrons emitted from the surface conductive electron emitting 
device can be controlled based on a peak value and a width of a pulse volt- 
age applied to between the opposing device electrodes if a voltage is equal to 
the threshold voltage or higher. On the other hand, if a voltage is lower 
than the threshold value, almost no electrons are emitted. In accordance 
with this characteristic, by properly applying a pulse voltage to each device, 
the surface conductive electron emitting device is selected based on an input 
signal to control an electron emission quantity. 

[0072] Next, based on the foregoing principle, description will be made for 
an electron source substrate obtained by disposing a plurality of electron 
emitting devices, to which the invention can be applied, by referring to Fig. 
9. In Fig. 9, a reference numeral 71 denotes an electron source substrate; 
72 a wiring of an X direction; and 73 a wiring of a Y direction. A reference 
numeral 74 denotes a surface conductive electron emitting devices; and 75 a 
connection. The surface conductive electron emitting device 74 may be a 
flat or a vertical type. 

[0073] X direction wirings 72 amounting to m in number includes DX1, 
DX2,..., and DXm, and made of conductive metal or the like prepared by 
using a vacuum deposition method, a printing method, a sputtering method 
or the like. A material, a film thickness and a width for the wiring are set 
as occasion demands. Y direction wirings 73 amounting to n in number in- 
cludes DY1, DY2,..., and DYn, and made as in the case of the X direction 
wirings 72. Not-shown interlayer insulating layers are provided between 
the X direction wirings 72 amounting to m in number and the Y direction 
wirings 73 amounting to n in number, and these wirings are electrically 
separated (m and n are positive integers). 

[0074] Each of the not-shown interlayer insulating films is made of Si0 2 or 
the like prepared by using a vacuum deposition method, a printing method, 
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a sputtering method or the like. For example, a full surface of the sub- 
strate 71 having the X direction wiring 72 set thereon is partially formed to 
have a desired shape. Especially, to endure a potential difference at an in- 
tersection between the X and Y direction wirings 72 and 73, a film thickness, 
a material and a manufacturing method are set properly. The X and Y di- 
rection wirings 72 and 73 are extended as external terminals. 
[0075] A pair of electrodes (not shown) constituting the surface conductive 
electron emitting device 74 are electrically connected by the connection 75 
made by the X direction wirings 72 amounting to m in number, the Y direc- 
tion wirings 73 amounting to n in number and conductive metal or the like. 
[0076] Materials for the wirings 72 and 73, a material for the connection 
75 and materials for the pair of device electrodes may be similar in parts or 
all of constituting elements, or different from one another. These materials 
are properly selected from for instance the foregoing device electrode mate- 
rials If materials for the device electrodes and materials for the wirings 
are the same, then the wirings connected to the device electrodes may be 
considered as device electrodes. 

[0077] A not-shown scanning signal applying means for applying a scan- 
ning signal to select a row of the surface conductive electron emitting 
devices 74 arrayed in the X direction is connected to the X direction wiring 
72 On the other hand, a not-shown modulating signal generating means 
for modulating each column of the surface conductive electron emitting de- 
vices 74 arrayed in the Y direction according to an input signal is connected 
to the Y direction wiring 73. A driving voltage applied to each electron 
emitting device is supplied as a difference voltage between the scanning 
signal and the modulating signal applied to the device. 

[0078] With the foregoing constitution, by using the simple matrix wiring, 
individual devices can be selected and independently driven. Now, descrip- 
tion will be made for an image forming apparatus constituted by using an 
electron source of such a simple matrix arrangement by referring to Figs. 10, 
11 and 12 Fig 10 is a schematic view showing an example of a display 
panel of an image forming apparatus; Fig. 11 a schematic view of a fluores- 
cent film used in the image forming apparatus of Fig. 10; and Fig. 12 a 
block diagram showing an example of a driving circuit for performing dis- 
playing according to a television signal of an NTSC system. 
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[0079] In Fig. 10, a reference numeral 71 denotes an electron source sub- 
strate including a plurality of electron emitting devices disposed; 81 a rear 
plate to which the electron source substrate 71 is fixed; and 86 a face plate 
including a fluorescent film 84, a metal back 85, and so on, formed inside a 
glass substrate 83. A reference numeral 82 denotes a supporting frame, 
and the rear plate 81 and the face plate 86 are connected to the supporting 
frame 82 by using flit glass or the like. A reference numeral 88 denotes an 
envelope, which is prepared by being baked at a temperature of 400 to 
500<C in atmosphere or nitrogen for 10 minutes or more, and then sealed. 
[0080] A reference numeral 74 denotes a portion equivalent to the electron 
emitting section of Fig. 4. Reference numerals 72 and 73 respectively de- 
note X and Y direction wirings connected to the pair of device electrodes of 
the surface conductive electron emitting device. 

[0081] As described above, the envelope 88 is composed of the face plate 86, 
the supporting frame 82, and the rear plate 81. Since the rear plate 81 is 
provided mainly for the purpose of reinforcing a strength of the substrate 71, 
the separately provided rear plate 81 is made unnecessary if the substrate 
71 itself has a sufficient strength. In other words, the supporting frame 82 
may be directly sealed to the substrate 71, and the envelope 88 may be 
composed of the face plate 86, the supporting frame 82 and the substrate 71. 
On the other hand, the envelope 88 can also be composed to have a suffi- 
cient strength against an atmospheric pressure by installing a not-shown 
support called a spacer between the face plate 86 and the rear plate 81. 
[0082] Fig. 11 is a schematic view showing a fluorescent film. The flores- 
cent screen 84 can be composed only of a fluorescent substance in the case 
of monochrome. A color fluorescent film can be composed of a black conduc- 
tive material 91 called a black stripe or a black matrix and a fluorescent 
substance 92 based on a fluorescent substance arrangement. The purposes 
of providing the black stripe or black matrix is, in the case of color display- 
ing to make mixed colors or the like inconspicuous by coloring black 
separate coating portions between necessary three primary color fluorescent 
substances 92, and to limit a reduction in contrast caused by external light 
reflection in the fluorescent film 84. As a material for the black stripe, in 
addition to a material using usually used graphite as a main component, a 
conductive material having little light transmission or reflection can be 
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used. 

[0083] A method for coating fluorescent substance on the glass substrate 
83 can be selected from a deposition method, a printing method, and so on, 
irrespective of monochrome or color. A metal back 85 is usually provided 
inside the fluorescent film 84. The purposes of providing the metal back 84 
is to improve luminance by mirror-reflecting an inward light among lights 
emitted from the fluorescent substance to the face plate 86 side, to cause 
the metal back 84 to operate as an electrode for applying an electron beam 
accelerating voltage, to protect the fluorescent substance from damage 
caused by clashing of negative ions generated in the envelope, and so on. 
The metal back can be prepared by performing a smoothing operation (usu- 
ally called "filming") for the surface of the inner side of the fluorescent film 
after the manufacturing of the same, and then depositing Al by using a vac- 
uum deposition method or the like. 

[0084] To increase conductivity of the fluorescent film 84 more, the face 
plate 86 may be provided with a transparent electrode (not shown) in the 
outer surface side of the fluorescent film 84. To perform the foregoing 
sealing, correspondence must be set between each fluorescent substance 
and the electron emitting device in the case of color, and thus sufficient 
positioning is essential. 

[0085] The image forming apparatus shown in Fig. 10 is manufactured, for 
example in the following manner. The envelope 88 is subjected to exhaus- 
tion through a not-shown exhaust pipe by an evacuating device using no oil, 
such as an ion pump, an absorption pump or the like, while being heated, as 
in case of the foregoing stabilizing step, and sealed after atmosphere is set 
where the quantity of organic materials is sufficiently reduced to have a de- 
gree of vacuum of 10 7 Torr. To maintain a degree of vacuum after the 
sealing of the envelope 88, a getter operation can also be performed. This 
operation is carried out to form a deposited film by performing a heat 
treatment using resistance heating or high frequency heating to heat a get- 
ter disposed in a specified position (not shown) inside the envelope 88 
immediately before or after the sealing of the envelope 88. The getter usu- 
ally contains Ba or the like as main component, and adapted to maintain, 
for example a degree of vacuum of 1 X 10 5 or 1 X 10 7 Torr, by adsorbing func- 
tion of the deposited film. Here, steps after the forming of the surface 
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conductive electron emitting device can be set as occasion demands. 
[0086] Next, description will be made for a constitutional example of a 
driving circuit for performing television displaying based on a television 
signal of the NTSC system on a display panel composed by using the elec- 
tron source of a simple matrix arrangement by referring to Fig. 12. In Fig. 
12, a reference numeral 101 denotes an image display panel; 102 a scanning 
circuit; 103 a control circuit; and 104 a shift register. A reference numeral 
105 denotes a line memory; 106 a synchronizing signal separation circuit; 
107 a modulating signal generator; and Vx and Va DC voltage sources. 
[0087] The display panel 101 is connected to an external electric circuit 
through terminals Doxl to Doxm, terminals Doyl to Doyn and a high volt- 
age terminal Hv. To the terminals Doxl to Doxm, scanning signals are 
applied to sequentially drive electron sources provided in the display panel, 
i.e., a group of surface conductive electron emitting devices wired in a ma- 
trix form in M row and N column line by line (N device). 
[0088] To the terminals Doyl to Doyn, modulating signals are applied to 
control an output electron beam of each of the surface conductive electron 
emitting devices of one row selected by the scanning signals. To the high 
voltage terminal Hv, a DC voltage of, for instance 10K [V], is supplied from 
the DC voltage source Va. This is an accelerating voltage supplied to give 
sufficient energy for exciting a fluorescent substance to an electron beam 
emitted from the surface conductive electron emitting device. 
[0089] Now, description will be made for the scanning circuit 102. This 
circuit includes switching devices amounting to M in number inside (sche- 
matically shown and indicated by SI or Sm in the drawing). Each 
switching device selects any one of an output voltage of the DC voltage 
source Vx and 0 [V] (ground level), and is electrically connected to the ter- 
minal Doxl or Doxm of the display panel. The switching devices of SI to 
Sm are operated based on control signals Tscan outputted from the control 
circuit 103, and can be composed by combining switching devices, e.g., FET. 
[0090] In this example, the DC voltage source Vx is set to output a fixed 
voltage such that a driving voltage applied to a non-scanned device, can be 
set equal to an electron emission threshold voltage based on a characteristic 
(electron emission threshold voltage) of the surface conductive electron 
emitting device. 
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[0091] The control circuit 103 has a function for matching the operations of 
respective sections with one another such that proper displaying can be pre- 
formed based on an image signal entered from the outside. The control 
circuit 103 generates control signals Tscan, Tsft and Tmry for the respective 
sections based on a synchronizing signal Tsync sent from the synchronizing 
signal separation circuit 106. 

[0092] The synchronizing signal separation circuit 106 is adapted to sepa- 
rate a synchronizing signal component and a luminance signal component 
from a television signal of the NTSC system entered from the outside, and 
can be composed by using a general frequency separation (filter) circuit or 
the like. The synchronizing signal separated by the synchronizing signal 
separation circuit 106 is composed of vertical and horizontal synchronizing 
signals, but here the signal is shown as the Tsync signal for descriptive con- 
venience. The image luminance signal component separated from the 
television signal is represented as a DATA signal for convenience. The DA- 
TA signal is entered to the shift register 104. 

[0093] The shift register 104 performs seriayparallel conversion for each 
one line of an image regarding the DATA signals entered time -sequentially 
and in series, and is operated based on the control signal Tsft sent from the 
control circuit 103 (i.e., the control signal Tsft may be considered as a shift 
lock of the shift register 104). Data of one line of an image (equivalent to 
driving data of the number N of electron emitting device) are outputted 
from the shift register 104 as the number N of parallel signals of Idl to Idn. 
[0094] The line memory 105 is a storage device for storing the data of one 
line of an image only for necessary time, and properly stores contents of Idl 
to Idn according to the control signal Tmry sent from the control circuit 103. 
The stored contents are outputted as I'dl to I'dn, and entered to the modu- 
lating signal generator 107. 

[0095] The modulating signal generator 107 is a signal source for properly 
driving and modulating the respective surface conductive electron emitting 
devices according to the image data I'dl to I'dn, and output signals thereof 
are applied through the terminals Doyl to Doyn to the surface conductive 
electron emitting devices in the display panel 111. 

[0096] As described above, the electron emitting device, to which the in- 
vention is applicable, has the following basic characteristics with respect to 
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an emission current Ie. Specifically, a clear threshold voltage Vth is set for 
electron emission, and electron emission occurs only when a voltage equal 
to Vth or higher is applied. The application of a voltage equal to the elec- 
tron emission threshold value or higher causes a change in a voltage 
applied to the device, and accordingly a change in an emission current. For 
this reason, when a pulse voltage is applied to the device, no electron emis- 
sion occurs, for instance even if a voltage lower than the electron emission 
threshold value is applied. But electron beams are outputted when a volt- 
age equal to the electron emission threshold value or higher is applied. In 
this case, intensity of an output electron beam can be controlled by chang- 
ing a peak value Vm of a pulse. Also, the total quantity of charges of 
output electron beams can be controlled by changing a pulse width Pw. 
[0097] Therefore, as a system of modulating the electron emitting device 
according to an input signal, a voltage modulation system, a pulse width 
modulation system or the like can be used. For the modulating signal gen- 
erator 107, a circuit of a voltage modulation system for generating a voltage 
pulse having a fixed length and properly modulating a peak value of a pulse 
according to input data can be used. 

[0098] To execute the pulse width modulation system, as the modulating 
signal generator 107, a circuit of a pulse width modulation system for gen- 
erating a voltage pulse having a fixed peak value and properly modulating a 
pulse width according to input data. 

[0099] For the shift register 104 and the line memory 105, digital as well 
as analog signal types can be employed, as long as serial/parallel conversion 
or storage for an image signal is carried out at a specified speed. 
[0100] To use the digital signal type, output signal DATA of the synchro- 
nizing signal separation circuit 106 must be converted into a digital signal. 
For this purpose, it is necessary to provide an A/D converter in the output 
portion of the circuit 106. In connection with this, a slightly different cir- 
cuit may be used for the modulating signal generator 107 depending on 
which of digital and analog signals an output signal of the line memory 105 
is. In other words, in the case of the voltage modulation system using a 
digital signal, for example a D/A converter circuit is used for the modulating 
signal generator 107, and an amplifier circuit may be added when necessary. 
In the case of the pulse width modulation system, a circuit using, in combi- 
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nation a high-speed oscillator, a counter for counting the number of waves 
outputted from the oscillator and a comparator for comparing an output 
value of the counter with an output value of the memory, is used for the 
modulating signal generator 107. When necessary, an amplifier may be 
added for amplifying a voltage of a modulating signal modulated for its pul- 
se width, which is outputted from the comparator, equal to a driving voltage 
of the surface conductive electron emitting device. 

[0101] In the case of the voltage modulation system using an analog signal, 
an amplifier circuit using, for instance an operation amplifier may be used 
for the modulating signal generator 107, and a level shifting circuit may be 
added when necessary. In the case of the pulse width modulation system, 
for example a voltage control oscillation circuit (VCO) may be used. When 
necessary, an amplifier may be added for amplifying a voltage equal to a 
driving device of the surface conductive electron emitting device. 
[0102] In an image display device having the foregoing constitution to 
which the invention is applicable, electron emission is generated by apply- 
ing voltages through the out-of container terminals Doxl to Doxm and Doyl 
to Doyn to the respective electron emitting devices. An electron beam is 
accelerated by applying a high voltage through the high voltage terminal 
Hv to a metal back 95 or a transparent electrode (not shown). The acceler- 
ated electron clashes with the fluorescent film 84 to emit a light, and then 
an image is formed. 

[0103] The constitution of the image forming apparatus described herein is 
just one example of an image forming apparatus, to which the invention can 
be applied, and various changes and modifications can be made based on 
technical teachings of the invention. Regarding an input signal, the NTSC 
system was described, but there should be no limitation. In addition^ to 
PAL and SECAM systems, a TV signal (e.g., high quality TV of a MUSE 
system or the like) having a number of scanning lines can be employed. 
[0104] Next, description will be made for an electron source of a ladder ar- 
rangement and an image forming apparatus by referring to Figs. 13 and 14. 
Fig 13 is a schematic view showing an example of an electron source of a 
ladder arrangement. In Fig. 13, a reference numeral 110 denotes an elec- 
tron source substrate; and 111 an electron emitting device. A reference 
numerals 112 and Dxl to DxlO denote common wirings for connecting the 
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electron emitting device 111. A plurality of electron emitting devices 111 
are disposed in parallel in an X direction on the substrate 110 (called device 
row). A plurality of device rows are disposed to constitute an electron 
source. By applying a driving voltage to between the common wirings of 
the respective devices, the device rows can be independently driven. Spe- 
cifically, a voltage equal to an electron emission threshold value or higher is 
applied to a device row, to which an electron beam is to be emitted. A volt- 
age lower than the electron emission threshold value is applied to a device 
row, to which no electron beams are to be emitted. For the common wirings 
Dx2 to Dx9 among the device rows, for example, Dx2 and Dx3 may be the 
same wirings. 

[0105] Fig. 14 is a schematic view showing an example of a panel structure 
in the image forming apparatus provided with the electron source of a lad- 
der arrangement. A reference numeral 120 denotes a grid electrode; 121 a 
hole for passage of electrons; and 122 an out-of container terminal composed 
of Doxl, Dox2,..., Doxm. A reference numeral 123 denotes an out-of con- 
tainer terminal composed of Gl, G2,..., Gn connected to the grid electrode 
120; and 124 an electron source substrate having the same common wirings 
set among the device rows. 

[0106] In Fig. 14, portions like those shown in Figs. 10 and 13 are denoted 
by like reference numerals. A main difference between the image forming 
apparatus shown herein and the image forming apparatus of a simple ma- 
trix arrangement shown in Fig. 10 is existence of the grid electrode 120 
between the electron source substrate 110 and the face plate 86. 
[0107] In Fig. 14, the grid electrode 120 is provided between the substrate 
110 and the face plate 86. The grid electrode 120 modulates electron beams 
outputted from the surface conductive electron emitting devices, and is 
provided with one circular opening 121 corresponding to each device: the 
opening being for passing an electron beam to a stripe-shaped electrode 
provided in a direction orthogonal to the device row of the ladder arrange- 
ment. A shape and installing position of the grid should not be limited to 
those shown in Fig. 14. For example, a number of meshed passing holes 
can be provided as openings, and the grid can be provided around the sur- 
face conductive electron emitting device or in the vicinity thereof. 
[0108] The out-of container terminal 122 and the grid out-of container 
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terminal 123 are electrically connected to a not-shown control circuit. 
[0109] In image forming apparatus of this example, modulating signals of 
one line of an image are simultaneously applied to columns of grid electro- 
des in synchronization with sequential driving (scanning) of each column of 
the device row. Accordingly, irradiation of the fluorescent substance with 
each electron beam can be controlled, and images can be displayed by each 
line. 

[0110] The image forming apparatus of the invention can be used as an 
image forming apparatus or the like, which functions as an optical printer 
composed by using a photosensitive drum or the like, in addition to a televi- 
sion broadcast display device, a display device of a television conference 
system, a computer or the like. 
[0111] 

[Embodiments] 

[Embodiment 1] As an electron emitting device of the embodiment 1, the 
inventor manufactured an electron emitting device of a type shown in Figs. 
4(a) (device plan view) and 4(b) (device sectional view). A manufacturing 
method of this type will be described by referring to Fig. 15. 
[0112] A quartz substrate was used for an insulating substrate 151, and 
electrodes 152 and 153 were formed on the substrate 151 after sufficient 
cleaning performed by using organic solvents (Fig. 15(a)). Gold was used 
as a material for the electrode. An electrode interval L was set to 10 mi- 
crometer; an electrode length W 500 micrometer; and a thickness thereof 
1000 A. 

[0113] Then, by using droplet adding means based on a bubble jet (BJ) 
method, an organic palladium thin film was coated between the electrodes, 
and then a heat treatment was performed at 350"C for 10 minutes to form a 
superfine grain film (conductive thin film) 154 made of palladium oxide 
(PdO) fine grains (average grain diameter: 20A). In this case, the conduc- 
tive thin film 154 having a radius of 80 micrometer was disposed nearly in 
the center between the electrodes 152 and 153 (Fig. 15(b)). A sheet resis- 
tance value of the conductive thin film 154 was 3 X 10 4 Q/D. 
[0114] For the organic palladium thin film formed by the bubble jet 
method, a film thickness and a shape were controlled based on droplet con- 
centration, the number of overlapping hitting times and a discharge 
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condition. After the heat treatment, as shown in Fig. 15(b), the shape be- 
came dot-like, and film thickness distribution appeared from the center 
toward the periphery of dots in many cases. A film thickness was 15nm in 
the center, and was thinner toward the periphery. 

[0115] (3) Next, description will be made for a forming step as a feature of 
the invention by referring to Fig. 15. Energization usually called energiza- 
tion forming is carried out to form a structure -changed portion 155 in a part 
of the conductive thin film 154 by supplying power to between the device 
electrodes 152 and 153 (Fig. 15(c)), and an example of a voltage waveform of 
energization forming is shown in Fig. 2. 

[0116] Tl and T2 in Fig. 2 denote a pulse width and a pulse interval of a 
voltage waveform. Tl was set to 1 milliseconds, and T2 was set to 10 milli- 
seconds. By increasing a peak value (peak voltage of an energization 
forming pulse) of a triangular wave by each 0.1V step, application was per- 
formed under vacuum atmosphere of 10" 6 Torr. A peak value of the 
triangular wave and a current value at the peak value are shown in Fig. 3. 
A peak value Imax of a current at the peak value was 8mA, and a voltage 
Vmax at this time was 8V. The forming was finished when 2mA, 25% with 
respect to Imax was reached. A device not subjected to forming was left to 
monitor a resistance value of the conductive thin film in later-described re- 
ducing step. 

[0117] (4) Then, reducing was performed in reduced gas atmosphere, i.e., 
nitrogen-diluted 2% hydrogen atmospheric pressure atmosphere, for 30 
minutes. This operation was carried out by loading the device in a her- 
metically sealed reducing container 157 and until a full surface of the 
conductive thin film 154 was completely reduced (Fig. 15(d)), and sheet re- 
sistance of the foregoing monitor became 3X 10 2 □/□. 

[0118] (5) Then, lastly, as shown in Fig. 15(e), the reduced conductive thin 
film was subjected to energization forming again. A content of this step 
was the same as that of the first round. The energization forming was fin- 
ished by checking a current value at the time of maximum voltage 
application of the triangular wave. Specifically, in a peak pulse interval T2, 
a device current was measured by a voltage where no local fracture or de- 
formation occurred in the conductive thin film 154, for instance a voltage 
of about 0.1V, a resistance value was obtained and, when resistance showed 
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1M ohm or higher, the energization forming was finished. This reducing 
step caused a portion having a thin film thickness and relatively high resis- 
tance to have low resistance, and a current to flow. Accordingly, the 
forming was finished at a low voltage of a peak Vmax 5V of a voltage peak 
value and at a peak Imax 10mA of a current peak value. After the forming, 
the conductive thin film 154 was observed to find that a fissure 155 to be- 
come an electron emitting section was formed crossing the conductive thin 
film from end to end (Fig. 15(e)). 

[0119] For the devices manufactured in such a manner, device voltage was 
applied to between the devices, a device current If and an emission current 
Ie flowing at this time were measured, and a reactive current (%) was ob- 
tained As a result, when a device voltage was 16V, a device current was 
2 5mA, and an emission current was 4.0 mA. Electron emission efficiency 

V was 0.160/c, and a reactive current was 1%. Good reproducibility was 

provided, 100 devices were manufactured, and reactive currents were all 

limited equal to 2% or lower. 

[0120] A measuring method is as follows. 

[Measuring Method] Fig. 7 is a schematic constitutional view of a meas- 
urement evaluating device. In Fig. 7, a reference numeral 1 denotes an 
insulating substrate; 2 and 3 electrodes; 5 an electron emitting region; 4 a 
conductive film for obtaining electric connection; 51 a power source for ap- 
plying a voltage to the device; 50 an ammeter for measuring a device 
current If; 54 a anode electrode for measuring an emission current Ie gen- 
erated by the device; 53 a high voltage power source for applying a voltage 
to the anode electrode 54; and 52 an ammeter for measuring an emission 
current Herein, the device current means a current quantity measured by 
the ammeter 50, and the emission current means a current quantity meas- 
ured by the ammeter 52. Measurements of the device current and the 
emission current of the electron emitting device are carried out by connect- 
ing the power source 51 and the ammeter 50 to the device electrodes 2 and 3, 
disposing the anode electrode 54, to which the power source 53 and the 
ammeter 52 are connected, regarding information of the electron emitting 
device, and under an environment of a degree of vacuum of 1X10 Torr. 
From a result of each measurement, a reactive current is calculated by as 
shown in Fig. 16, reactive current=(lx/If)X 1001%]. Herein, If means a de- 
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vice current value at a driving voltage Vd, and Ix means an extrapolation 
value at a driving voltage Vd of a straight line connecting a device current 
value when a device voltage is 0 and a device current value at a device volt- 
age Ve for starting device emission. 

,0121] [Embodiment 2] Next, description will be made for an .mage 
forming apparatus using the surface conductive electron emitting devi« , o 
the embodiment 1 with reference to the accompanying drawings. Fig. 17 
a partial plan view of an electron source; Fig. 18 a sectional view taken on 
line A-A of Fig. 17. In Figs. 17, 18 and 19, like portions are denoted by like 
reference numerals. A reference numeral 71 denotes a substrate; 72 an X 
direction wiring (called lower wiring) corresponding to Dxm of the mage 
forming apparatus 10 described above with reference to the modes of the 
carrying out the invention; 73 a Y direction wiring (called upper wiring) cor- 
responding to Dyn of Fig. 10; 4 a conductive thin film; 2 
electrodes; 181 an interlayer insulating layer; and 182 a contac hole fo 
electrically connecting the device electrode 5 to the lower wiring : 72. In the 
embodiment, 300 X direction wirings were formed, 100 Y direction winngs 
were formed, and 30000 surface conductive electron emitting devices were 
provided. Next, a manufacturing method will be described in detail step by 
step by referring to Fig. 19. 

Crhaving aThickness 50 A and Ay having a thickness of 6000 A were lami- 
nated by vacuum deposition on the substrate 71 having a silicon oxide film 
having a thickness of 0.5 u formed on cleaned blue plate glass by a sput- 
tering method, and then photoresist (AZ1370, made by Hoechst AG) was 
rotated and coated by a spinner and baked. Then, a photomask image was 
subjected to exposure and developing to form a resist pattern of the lower 
wiring 72. Then, by performing wet-etching for the Au/Cr deposited film, 
the lower wiring 72 having a desired shape was formed (Fig. 19(a)). 

a thickness 1.0 « was deposited by an RF sputtering method (Fig. 19(b)). 

r p 2 hlreIt C pattern was made to form a contact hole 182 in the siUcon 
oxide film deposited in step b. Then, etching was performed for the inter 



33 



Tokkaihei 9-223459 



layer insulating layer 181 by using the photoresist pattern as a mask to 
form a contact hole 182 (Fig. 19(c)). The etching was carried out by an RIE 
(Reactive Ion Etching) method using CF 4 and H 2 gasses. 
[0125] Step-d 

Subsequently, a pattern making a device electrode gap with the device elec- 
trode 2 was formed by photoresist (RD-2000N-41 Hitachi Kasei Inc.), and Ti 
having a thickness of 50A and Ni having a thickness of 1000A were se- 
quentially deposited. The photoresist pattern was dissolved by organic 
solvents, the Ni/Ti deposited film was lifted on, and device electrodes 2 and 
3 were formed so as to set a device electrode interval G to 20 u , and a width 
W of the device electrode to 300 fi (Fig. 19(d)). 

[0126] Step-e . 
Photoresist patterns of the upper wiring 73 were formed on the device elec- 
trodes 2 and 3, and then Ti having a thickness of 50A and Au having a 
thickness of 5000 A were sequentially deposited by vacuum deposition. 
Then, by using lifting-off to remove unnecessary portions, an upper wiring 
73 having a desired shape was formed (Fig. 20(e)). 
[0127] Step-f 

Then by using a not-shown mask, a conductive thin film 4 was formed (Fig. 
20(f)) Specifically, the mask has a device electrode gap G and an opening 
in the vicinity thereof. By this mask, a Cr film 191 having a film thickness 
of 1000 A was deposited and patterned by vacuum deposition, organic Pd 
(ccp4230, made by Okuno Seiyaku Inc.) was rotated and coated thereon by a 
spinner, and the 10-minute heating and baking were carried out at 300<C. 
A film thickness of the conductive thin film 4 made of fine grains using 
PdOx as a main component was 100 A, and a sheet resistance value thereof 
was (5X 10) 4 □/□• As describe above, the fine grain film described herein 
is a collection of a plurality of fine grains, and has a fine structure where 
the fine grains are individually placed not only in a dispersed state but also 
in an adjacent or overlapped state (including an island arrangement). A 
grain diameter means a diameter of a fine grain having a shape recogni- 
zable in the above states. 
[0128] Step-g 

By performing etching for the Cr film 191 and the baked conductive thin 
film 4 by using acid etchants, a desired pattern was formed (Fig. 20(g)). 
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[0129] Step-h 

A pattern was formed to coat resist on a portion other than the contact hole 
182, and Ti having a thickness of 50A and Au having a thickness of 5000 A 
were sequentially deposited by vacuum deposition. Then, by using lifting- 
off to remove unnecessary portions, the contact hole 182 was buried (Fig. 
20(h)). 

[0130] Through the foregoing steps, the lower wiring 72, the mterlayer in- 
sulating layer 182, the upper wiring 73, the device electrodes 2 and 3, the 
conductive thin film 4, and so on, were formed on the insulating substrate 
71. 

[0131] Next, description will be made for an example of a display device 
using the electron source manufactured in the foregoing manner by refer- 
ring to Figs. 10 and 11. First, a number of flat surface conductive electron 
emitting devices were formed on the substrate 71 in the above manner. 
Then, after the substrate 71 was fixed to a rear plate 81, a face plate 86 
(composed by forming a fluorescent film 84 and a metal back 85 in the inner 
surface of the glass substrate 83) was disposed 5mm above the substrate 71 
by interpolating a supporting frame 82. Then, flit glass was coated on a 
joined portion among the face plate 86, the supporting frame 82 and the 
rear plate 81, and sealing was carried out by performing 15-minute baking 
at 400T: in atmosphere (Fig. 10). Also, the fixing of the substrate 71 to the 
rear plate 81 was carried out by flit glass. In Fig. 10, a reference numeral 
74 denotes an electron emitting device; and 72 and 73 X and Y direction 
wirings respectively. 

[00132] The fluorescent film 84 is made of only fluorescent substance in 
the case of monochrome. In the embodiment, however, a stripe type was 
employed for fluorescent substance, a black stripe was formed first and, 
then a fluorescent film 84 was manufactured by coating each color fluores- 
cent substance in a gap portion thereof. For the black stripe, a material 
using usually used graphite was used. A method for coating fluorescent 
substance on the glass substrate 83 was a slurry method. 
[0133] A metal back 85 is usually provided in the inner surface side of the 
fluorescent film 84. The metal back was manufactured by performing 
smoothing for the surface of the inner surface side of the fluorescent film 
(usually called filming) after the manufacture thereof, and then vacuum- 
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depositing Al. 

[0134] For the face plate 86, a transparent electrode (not shown) is some- 
times provided in the outer surface side of the fluorescent film 84 in order to 
increase conductivity of the fluorescent film 84 more. In the embodiment, 
however, this electrode was omitted, since sufficient conductivity was ob- 
tained only by the metal back. 

[0135] To perform the foregoing sealing, in the case of color, correspon- 
dence must be established between each color fluorescent substance and 
each electron emitting device. Thus, sufficient positioning was carried out. 
[0136] Atmosphere in the glass container completed in the foregoing man- 
ner was exhausted through an exhaust pipe (not shown) by a vacuum pump. 
After a sufficient degree of vacuum was reached, a voltage was applied 
through the out-of containers Doxl to Doxm and Doyl to Doyn to between 
the electrodes 2 and 3 of the electron emitting device 74. Then, as in the 
case of the embodiment 1, an electron emitting section was made by per- 
forming forming for a conductive thin film (154 of Fig. 15). A voltage 
waveform of the forming is shown in Fig. 2. 

[0137] In Fig. 2, Tl and T2 denote a pulse width and a pulse interval of a 
voltage waveform. Tl was set to 1 millisecond, and T2 was set to 10 milli- 
seconds. Then, a peak value of a triangular wave (peak voltage of an 
energization forming pulse) was increased by each 0.1V step, and applica- 
tion was performed under vacuum atmosphere of 10 6 Torr . 
[0138] A peak value of the triangular wave and a current value at a peak 
value are shown in Fig. 3. A peak value Imax of a current at a peak value 
was 10mA for each device, and a voltage Vmax at this time was 12V. 
Forming was finished when 1.4mA, 20% of Imax, was reached. Then, a de- 
vice not subjected to forming was left to monitor a resistance value of the 
conductive thin film in later-described reducing step. 

[0139] Then, as reduced gas atmosphere, nitrogen-diluted 2% hydrogen 
was introduced into the glass container up to an atmospheric pressure, and 
reducing was carried out for 30 minutes. A sheet resistance value of the 
above monitor became 3 X 10 2 □/□. 

[0140] Then, lastly, the reduced conductive thin film was subjected to en- 
ergization forming again. A content of the step was the same as that of the 
first round. The energization forming was finished by checking a current 



36 



Tbkkaihei 9-223459 



value at the time of maximum voltage application of the triangular wave. 
Specifically, in a peak pulse interval T2, a device current was measured by a 
voltage causing no local fracture or deformation in the conductive thin film, 
for instance a voltage of about 0.1V, and a resistance value was obtained. 
When resistance showed 1M ohm or higher, the energization forming was 
finished. 

[0141] Before the reducing step, resistance of a PdO fine grain film con- 
taining the electron emitting section was 20k Q, resistance thereof was 
1.45k Q after the reducing step, and resistance of a portion having a thin 
film thickness and relatively high resistance become low to cause a current 
to flow. Accordingly, the forming was finished at a low voltage of a peak 
Vmax 6V of a voltage peak value and a peak Imax 3.3mA of a current peak 
value for each device. 

[0142] After the reducing was carried in the foregoing manner, forming 
was carried again to manufacture an electron emitting device 74. 
[0143] Then, welding was performed by heating a not-shown exhaust pipe 
by a gas burner at a degree of vacuum of about 10 6 Torr, and then an envel- 
ope was sealed. 

[0144] Lastly, getter processing was performed in order to maintain a de- 
gree of vacuum after the sealing. Specifically, immediately before, a getter 
disposed in a specified position (not shown) in the image forming apparatus 
was heated by a heating method such as high-frequency heating, and then a 
deposited film was formed and processed. The getter contained Ba or the 
like as a main component. 

[0145] Also, to understand a characteristic of the flat surface conductive 
electron emitting device manufactured in the foregoing steps, a standard 
comparison sample equal in L, W or the like to the flat surface conductive 
electron emitting device shown in Fig. 1 was manufactured at the same 
time, and an electron emission characteristic thereof was measured by us- 
ing the measurement evaluating device of Fig. 7. Measuring conditions for 
the comparison sample were: a distance between the anode electrode and 
the electron emitting device was 4mm; a potential of the anode electrode 
was lkV; and a degree of vacuum in the vacuum device at the time of elec- 
tron emission characteristic measurement was 1 X 10 6 Torr. A device 
current If and an emission current Ie flowing at this time were measured, 
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and then a current-voltage characteristic like that shown in Fig. 8 was ob- 
tained. 

[0146] In the device, an emission current Ie was suddenly recognized from 
a device voltage of about 9V. A device current If was 2.0mA and an emis- 
sion current Ie was 3.6 U A at a device voltage 16V, and a range of 
fluctuation of Ie and If between the devices was 10% or lower. Also, reac- 
tive currents were limited to 2% or lower for all of the 30000 devices. 
[0147] Then, to perform displaying on a display panel 121 composed by 
using the foregoing electron source of a simple matrix arrangement accord- 
ing to a TV signal of the NTSC system, television displaying was carried out 
by using the driving circuit described above with reference to Fig. 12. For a 
modulation system of a display image in the embodiment, a pulse width 
modulation system was employed. 

[0148] In the preferred image forming apparatus of the invention, which 
was completed in the foregoing manner, a voltage was applied through the 
out-of container terminal Doxl or Doxm, Doyl or Doyn to each electron 
emitting device (see Fig. 10) to emit electrons. A high voltage of 10 kV was 
applied through the high voltage terminal Hv to the metal back 85 or a 
transparent electrode (not shown), electron beams were thereby accelerated 
and clashed with the fluorescent film 84 to be excited and emit a light. 
Then, a good image was displaying at low voltage driving and low power 
consumption. 

[0149] As described above, by the forming of the invention, which was car- 
ried out after the reducing step, it was possible to realize an electron source 
to be driven by lower power consumption and a uniform image forming ap- 
paratus using the electron source and having little luminance distribution. 

[0150] . 
[Embodiment 3] Fig. 21 a view showing an example of a display device 
adapted to display image information supplied from various image informa- 
tion sources, for instance television broadcasting, on a display panel using 
the surface conductive electron emitting device of the invention as an elec- 
tron beam source. In the drawing, a reference numeral 200 denotes a 
display panel; 201 a driving circuit of the display panel; 202 a display con- 
troller; 203 a multiplexer; 204 a decoder; 205 an I/O interface circuit; 206 a 
CPU- 207 an image generating circuit; 208, 209 and 210 image memory in- 
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terface circuits; 211 image input interface circuit; 212 and 213 TV signal 
receiving circuits; and 214 an input section. The display device displays a 
vide and simultaneously reproduces a voice in the case of receiving a signal 
containing both video information and voice information, for instance a 
television signal. But description will be omitted of a circuit or a speaker 
for receiving, separating, processing or storing voice information having no 
direct relations with the features of the invention. Now, a function of each 
section will be described along a flow of an image signal. 

[0151] First the TV signal receiving circuit 213 receives a TV image signal 
transmitted by using a radio transmission system, for instance radio waves 
or space optical communications. No special limitation is placed on a sys- 
tem of receiving a TV signal, and any one can be selected from the NTSC 
system, the PAL system, the SECAM system, and so on. A TV signal hav- 
ing much more scanning lines (e.g., high-quality TV such as a MUSE 
system or the like) is a preferred signal source for making the best use of 
the display panel suited for an increase in area or in the number of pixels. 
The TV signal received by the TV signal receiving circuit 213 is then out- 
putted to the decoder 204. 

[0152] The TV signal receiving circuit 212 receives a TV image signal 
transmitted by using a line transmission system such as a coaxial cable, an 
optical fiber or the like. As in the case of the above TV signal receiving cir- 
cuit 213, no limitation should be placed on a system of receiving a TV signal, 
and the TV signal received by the circuit 212 is also outputted to the de- 
coder 204. The image input interface circuit 211 captures an image signal 
supplied from an image input device, and the captured image signal is out- 
putted to the decoder 204. The image memory interface circuit 210 
captures an image signal stored in a video tape recorder (abbreviated to 
VTR hereinafter), and the captured image signal is outputted to the de- 
coder 204 The image memory interface circuit 209 captures an image 
signal stored in a video disk, and the captured image signal is outputted to 
the decoder 204. The image memory interface circuit 208 captures an im- 
age signal stored in a device storing static image data like a so-called static 
image disk, and the captured static image data is entered to the decoder 

204. , 
[0153] The I/O interface circuit 205 connects the display device to an out- 
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put device such as an external computer, a computer network or a printer. 
The circuit 205 can enter/output not only image data and character/graphic 
information but also can enter/output a control signal or numerical value 
data between the CPU 206 of the display device and the outside. 
[0154] The image generating circuit 207 generates display image data 
based on image data and character/graphic information entered from the 
outside through the I/O interface circuit 205 or image data and charac- 
ter/graphic information outputted from the CPU 206. This circuit 
incorporates a rewritable memory for storing, for instance image data and 
character/graphic information, a read-only memory for storing an image 
pattern corresponding to a character code, and a circuit necessary for gen- 
erating an image, such as a processor for processing an image or the like. 
Display image data generated by this circuit is outputted to the decoder 204. 
But the data can be outputted through the I/O interface circuit 205 to an 
external computer network or a printer in some cases. 

[0155] The CPU 206 mainly performs control for the display or work re- 
garding generation, selection or editing of a display image. For example, a 
control signal is outputted to the multiplexer 203, and image signals for 
display on the display panel are properly selected or combined. In this case, 
a control signal is generated for the display panel controller 202 according 
to an image signal to be displayed, and an operation of the display, such as 
a screen display frequency, a scanning method (e.g., interlacing or non- 
interlacing), the number of scanning lines for one screen, or the like, is ap- 
propriately controlled. Also, image data or character/graphic information is 
directly outputted to the image generating circuit 207, and by accessing the 
external computer or memory through the I/O interface circuit 205, image 
data or character/graphic information is entered. Needless to say, the CPU 
206 can perform work other than the above. For example, the CPU 206 
may have a direct function of generating processing information as in the 
case of a personal computer, a word processor or the like. As described 
above the CPU 206 may be connected through the I/O interface circuit 205 
to the' external computer network to perform, for example numerical value 
calculation in cooperation with an external equipment. 

[0156] The input section 214 is used when a user enters a command, a 
program or data to the CPU 206. For example, in addition to a keyboard 
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and a mouse, various input equipments including a joystick, a barcode 
reader, a voice recognition device, and so on, can be used. 
[0157] The decoder 204 is a circuit adapted to reversely convert various 
image signals entered from the image generating circuit 207 or the TV sig- 
nal receiving circuit 213 into three primary color signals, or a luminance 
signal, an I signal and Q signal. As indicated by a dotted line in the draw- 
ing, the decoder 204 should preferably include an image memory therein. 
This is for the purpose of processing a television signal, which needs the 
image memory when performing reverse conversion, such as the MUSE sys- 
tem. The provision of the image memory facilitates displaying a static 
image. Alternatively, the provision of the image memory is advantageous 
for facilitating image processing such as image thinning, interpolation, en- 
largement, reduction or synthesis, or editing, in cooperation with the image 
generating circuit 207 and the CPU 206. 

[0158] The multiplexer 203 properly selects an image to be displayed 
based on control signal entered by the CPU 206. Specifically, the multi- 
plexer 203 selects desired one from reverse-converted image signals entered 
from the decoder 204, and outputs the same to the driving circuit 201. In 
this case, by switching image signals in one screen display time so as to 
make selection, as in the case of so-called multi-screen television, one screen 
is divided into a plurality of areas, and different images can be displayed. 
[0159] The display controller 202 is a circuit adapted to control an opera- 
tion of the driving circuit 201 based on a control signal entered by the CPU 
206. First, for a basic operation of the display panel, for example, a signal 
for controlling an operation sequence of a driving power source (not shown) 
of the display panel is outputted to the driving circuit 201. For a driving 
method of the display panel, for example, a signal for controlling a screen 
display frequency or a scanning method (e.g., interlacing or non-interlacing) 
is outputted to the driving circuit 201. When necessary, a control signal for 
adjusting an image quality such as luminance, contrast or color tone of an 
image to be displayed may be outputted to the driving circuit 201. Also, 
the driving circuit 201 generates a driving signal to be applied to the dis- 
play panel 200, and is operated based on an image signal entered from the 
multiplexer 203 and a control signal entered from the display controller 202. 
[0160] The functions of the respective sections have been described. With 
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the constitution illustrated in Fig. 21, in the display device, image informa- 
tion entered from various image information sources can be displayed on 
the display panel 200. Specifically, various image signals for television 
broadcasting or the like are subjected to reverse conversion in the decoder 
204, then properly selected by the multiplexer 203, and entered to the 
driving circuit 201. On the other hand, the display controller 202 gener- 
ates a control signal for controlling an operation of the driving circuit 201 
according to an image signal to be displayed. The driving circuit 201 appli- 
es a driving signal to the display panel 200 based on the image signal and 
the control signal. Accordingly, an image is displayed on the display panel 
200. A series of these operations are controlled altogether by the CPU 206. 
[0161] Also, the display device can display information selected from the 
image memory incorporated in the decoder 204, the image generating cir- 
cuit 207 and other bits of information, and can also perform image 
processing such as enlargement, reduction, rotation, movement, edge em- 
phasis, thinning, interpolation, color conversion, image aspect ratio 
conversion of an image or the like, and image editing such as synthesis, de- 
letion, connection, replacement, fitting or the like. Although no mention 
was made in the description of the embodiment, as in the case of the image 
processing and the image editing, a special circuit may be provided for proc- 
essing or editing voice information. Accordingly, the display device can 
function as a display for television broadcasting, a terminal for television 
conference, a computer terminal, an image editor for processing static and 
moving images, a business terminal such as a work processor or the like, a 
game machine, and so on, by one device. Therefore, the display device has 
a wide ranging use, for industrial as well as private use. 

[0162] Fig. 12 shows only an example of the constitution of the display de- 
vice using the display panel, which uses the surface conductive electron 
emitting device as an electron beam source and, needless to say, the consti- 
tution should not be limited to such. For example, among the constituting 
elements of Fig. 12, the circuits regarding functions put to no use can be 
omitted. Conversely, more constituting elements may be added depending 
on use. For example, to apply the display device as a television telephone 
set, a transmitting/receiving circuit including a television camera, a voice 
microphone, an illuminator and a modem should preferably be added as a 
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constituting element. 

[0163] In the display device, since especially thinning of the display panel 
using the surface conductive electron emitting device as an electron beam 
source is facilitated, a depth of the display device can be reduced. In addi- 
tion, since the display panel using the surface conductive electron emitting 
device as an electron beam source has high luminance and a good charac- 
teristic regarding an angle of field, the display device can display an image 
full of realism with good visibility. Also, since a beam source having a uni- 
form electron emission characteristic and low power consumption driving 
can be manufactured by the manufacturing method of the invention, a low- 
power consumption, uniform, bright and high-quality color flat television 
set can be realized. Furthermore, since a large-area and mass-production 
technology such as a printing method, an ink jet method, a bubble jet meth- 
od or the like having relatively large thin thickness distribution can be used 
to manufacture a surface conductive electron emitting device, a large-screen 
image forming apparatus providing an image full of realism and moving can 
be easily manufactured. 
[0164] 

[Effects of the invention] As described above, the present invention is ad- 
vantageous in that manufacturing yield of the electron emitting device and 
power consumption can be reduced, and an electron source of lower power 
consumption and a high-quality image forming apparatus using the same 
can be realized. Moreover, the invention is advantageous in that formation 
of a conductive thin film of the device can be performed on the basis of mass 
production using printing, a bubble jet method, an ink jet method, a spray 
coating method or the like. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] A schematic sectional view showing a basic manufacturing method 
of a surface conductive electron emitting device of the present invention. 
[Fig. 2] A view showing an example of a voltage waveform of energization 
forming, which is suited for the invention. 

[Fig. 3] A view showing a relationship between a voltage wave high value 
and a current wave high value of the energization forming, which is suited 
for the invention. 

[Fig. 4] Schematic plan and sectional views showing a basic constitution of 
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the surface conductive electron emitting device, which is suited for the in- 
vention. 

[Fig. 5] A schematic sectional view showing a basic constitution of a verti- 
cal surface conductive electron emitting device, which is suited for the 
invention. 

[Fig. 6] A view showing a manufacturing method of an embodiment of the 
invention. 

[Fig. 7] A schematic constitutional view of a measurement evaluating de- 
vice for measuring an electron emission characteristic. 

[Fig 8] A graph showing a typical example of relations among an emission 
current Ie, an device current If and an device voltage Vf of the surface 
conductive electron device of the invention. 

[Fig. 9] A schematic view illustrating an electron source of simple matrix 
arrangement, to which the invention can be applied. 

[Fig 10] A schematic constitutional view of a display panel of an image 
forming apparatus employing the electron source of simple matrix ar- 
rangement, to which the invention can be applied. 

[Fig. 11] A view showing a fluorescent film applicable to the panel of Fig. 
10. 

[Fig 12] A block diagram of a driving circuit in an example of performing 
displaying according to a television signal of an NTSC system in the image 
forming apparatus, to which the invention can be applied. 
[Fig. 13] A view showing an electron source of ladder arrangement, to 
which the invention can be applied. 

[Fig 14] A schematic constitutional view of a display panel of an image 
forming apparatus employing the electron source of ladder arrangement, to 
which the invention can be applied. 

[Fig 15] A view showing an example of a manufacturing method of a sur- 
face conductive electron emitting device, to which the invention can be 
applied, and which is suited for the invention. 

[Fig 16] A graph showing a typical example of relations among an emis- 
sion current Ie, an device current If and an device voltage Vf of the surface 
conductive electron emitting device of the invention. 

[Fig. 17] A partial plan view of an electron source of simple matrix ar- 
rangement, to which the invention can be applied. 
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[Fig. 18] A sectional view taken on line A-A of Fig. 15. 

[Fig. 19] A view showing a manufacturing method of the electron source of 
simple matrix arrangement, to which the invention can be applied. 
[Fig. 20] A view showing the electron source of simple matrix arrangement, 
to which the invention can be applied. 

[Fig. 21] A view showing an example of a display device employing the im- 
age forming apparatus, to which the invention can be applied. 
[Fig 22] A plan view showing a form of a conventional surface conductive 
electron emitting device manufactured by forming, and a view of an device 
equivalent circuit during forming. 

[Fig. 23] A view showing the conventional surface conductive electron 
emitting device. 

[Description of reference numerals] 

1- SUBSTRATE 2, 3: DEVICE ELECTRODE, 4: CONDUCTIVE THIN 
FILM 5- ELECTRON EMITTING SECTION, 21: STEP-DIFFERENCE 
FORMING SECTION, 50: AMMETER FOR MEASURING DEVICE CUR- 
RENT If FLOWING TO CONDUCTIVE THIN FILM 4 BETWEEN DEVICE 
ELECTRODES 2 AND 3, 51: POWER SOURCE FOR APPLYING DEVICE 
VOLTAGE Vf TO ELECTRON EMITTING DEVICE, 52: AMMETER FOR 
MEASURING EMISSION CURRENT Ie DISCHARGED FROM 
ELECTRON EMITTING SECTION OF DEVICE, 53: HIGH VOLTAGE 
POWER SOURCE FOR APPLYING VOLTAGE TO ANODE ELECTRODE 
74 54- ANODE ELECTRODE FOR CAPTURING EMISSION CURRENT Ie 
DISCHARGED FROM ELECTRON EMITTING SECTION OF DEVICE, 55: 
VACUUM DEVICE, 56: EXHAUST PUMP, 71: ELECTRON SOURCE 
SUBSTRATE 72: X DIRECTIONAL WIRING, 73: Y DIRECTIONAL 
WIRING 74- SURFACE CONDUCTIVE ELECTRON EMITTING DEVICE, 
75- CONNECTION, 81: REAR PLATE, 82: SUPPORTING FRAME, 83: 
GLASS SUBSTRATE, 84: FLUORESCENT FILM, 85: METAL BACK, 86: 
FACE PLATE 87: HIGH VOLTAGE TERMINAL, 88: ENVELOP, 91: 
BLACK CONDUCTIVE MATERIAL, 92: FLUORESCENT SUBSTANCE, 
101- DISPLAY PANEL, 102: SCANNING CIRCUIT, 103: CONTROL 
CIRCUIT 104: SHIFT REGISTER, 105: LINE MEMORY, 106: 
SYNCHRONIZING SIGNAL SEPARATION CIRCUIT, 107: MODULATING 
SIGNAL GENERATOR, 110: ELECTRON SOURCE SUBSTRATE, 111: 
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ELECTRON EMITTING DEVICE, 112: COMMON WIRING FOR WIRING 
ELECTRON EMITTING DEVICE, 120: GRID ELECTRODE, 121: HOLE 
FOR PASSAGE OF ELECTRON, 122: OUT-OF CONTAINER TERMINAL 
COMPOSED OF Dox 1, Dox2,..., Dox m, 123: OUT-OF CONTAINER 
TERMINAL COMPOSED OF Gl, G2, .... Gn CONNECTED TO GRID 
ELECTRODE 120, 124: ELECTRON SOURCE SUBSTRATE, 151: 
SUBSTRATE, 152, 153: DEVICE ELECTRODE, 154: CONDUCTIVE 
THIN FILM, 155: ELECTRON EMITTING SECTION, 157: REDUCTION 
DEVICE, 181: INTERLAYER INSULATING LAYER, 182: CONTACT 
HOLE, 191: Cr FILM, 200: DISPLAY PANEL, 201: DRIVING CIRCUIT OF 
DISPLAY PANEL, 202: DISPLAY CONTROLLER, 203: MULTIPLEXER, 
204: DECODER, 205: I/O INTERFACE CIRCUIT, 206: CPU, 207: IMAGE 
GENERATING CIRCUIT, 208, 209, 210: IMAGE MEMORY INTERFACE 
CIRCUIT, 211: IMAGE ENTRY INTERFACE CIRCUIT, 212, 213: TV 
SIGNAL RECEIVING CIRCUIT, 214: INPUT SECTION, 217: CENTER 
PORTION OF CONDUCTIVE THIN FILM, 218, 219: END PORTION OF 
CONDUCTIVE THIN FILM, 221: SUBSTRATE, 223: ELECTRON 
EMITTING SECTION, 224: CONDUCTIVE THIN FILM 
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:7 n * — h ;i>co*gHa<*? £ L 
[0 0 4 4] MttfffiUtt. *ftI2iSJ:tf3ia 

-So ifttlll»5tt. |5l:fcUTH gii)Sai2 1 

[0 0 4 5] ±j£(D3gffie*^ST-$WS7-oS2it7iffi 

[0 0 4 6] «T. 0 4Rtf 6£#HSUfc#SJ8ifi;frte 
1 3 U K ttH 4 left L fcflF^ <h |s] — COflF^fS: 
[0 0 4 7] ( l ) S« l *ife«. tt**5«fctf*T«»SJ 

a«SIBV»Tl«l ±C*HMt«2 . 3 (0 

6 (a) ) o 

[0 0 4 8] (2)*ftI2. 3*8ttfci«ll:. 20 

tt#IS«i:a. miaiCD#«tt)!i4<DW^co^S^£7C 

W«ft«»Bt*ttU»«!BK«L3aU. 'J7ht7. X-y^> 
y^5lcJ:0/^-->^b. &«ffiSBl4£ffi*fijc-t3 
(0 6 (b) ) o ::t«. *r«&«»*<B&#fc** 

*fcOTfc<, X/t-^ft. {t^MMffllt 

■7> — j**<Ote/** — — ^fS&fit LfttW >*-^x 30 
[0 0 4 9] (3) Ot*UT*38W0>»t*T**:7* — 

[0050] a*?*- 5>yc«ffcrn*a*iffl£tt. 

^^«S2, 3IBK. ^H*<O«««k0. a«U M 

-r-s to ^<Dji*7*-s>^«iJ:o#*tt» 

K4*JaBrWK«H*. MfcLOigR-frL*. «ifi<0 

CO«f£i£ft?<7)0l]£0 2 II^kT. 40 
[0 0 5 1 ] H2lw*Stt*T lRtfT2te. mfe$LB<» 

Oi'JS*. T 2 £ 1 0V-f ?n6>~ 1 0 0 5 'JfJ>£L. 

be) tt. #J*.«o. lv^f'v^gs^, tfJra£-t±. 
aa^ns*fflStT"cffftn-rs. us. H^aso soffit 

ttK«n!©*«Ett£H3J::iSLfc. Siiftroifcgiffico tf- 
[0 0 5 2] aft. ffi*7=r-= >yfflH©»7tt. H 
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tU, fl*.fcfO. 1 VjggCDttJIT'. 3t7-SSit£$'J^ 
LfcKf. a«7*-.£>*£**7£-rs. L^U Stlizfi 

5. *5W4Vma xfCttUT — £cofiJ£CD«J±<hteo 
fct^^TS 1 Elg CO "7^- — 5 >^£**7-r-5, Ima 

x. Vma xic»-ra»j^tt«#«tt»ia«)»». ¥^ 

0 XUTT**. 

[0 0 5 3] (4) ^LTWzMQ^lZiirtZtomm 
[0 0 5 4] (5) -tUT*»£»7C»©j»«tt*fit 

sga*7:t-=- >y-r&. xeaiWiSsiiiiB 

Sfc*fi*E£T7*-5>^ll*7nIffii:^St>tt-C» 

-5. 

[0 0 5 5] (6) 7*-5>^*»AfcSR ; fKttffitt 
u©lgl:«k0. f. ttffi««H e 

[0056] sttffcigtt. mm®>m.<DJ]x& 
$wr«#HStTT. a*7*-s>y tissue, /^u 

XCOEnjDB^^Ojg-rciTff^-t^T'^'S. -C0#ffl 

7fc £ K «fc 0 - a L * £ am ft fr»«g 

KcO^X*#A-T-5C<!:m;oTfe#bn^>o CCO<h£ 

S)»ieift**a. 7JV3-;ua, T^ftHS, Tvy 
7s>s. 7i;-Jk ^;u#>Sf. x;u*>Bs* 

tK. 7-th >. ^^-Jl/X^;U^ h>. *^JU75>. 

x^JU75>. 7iy-Jk tttt. »«. zra¥*>m. 

ifl)»li:J:D. ^Ha*II??fiET'5 



(7) 
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oicft-Su 

[0 0 5 7] ffittftUKDHTfUigW:. 3tS^««£I ft 

[0 0 5 8] g**fc«fctffc*fl:£«l.fctt. «Atfy5 7 
7-f h (l*H>5HOPG' . PG (GO ^r^-r 
-5. HOPGI4BI^4&y77 7-f h<D«6IMIti6. P 
Gtt*SiM&J&<2 OOt/nhD-AgST-^iil^ 

@ft lift o isim* it © an*)* aeic^oi^fbros 
irr. ) ^#aK*-*> (7W7x*-iK>& 

[0 0 5 9] (7) £<D«fc5ftie£IST»5ftfc* ; F- 

$§gJitt^«$ia8lii gf*^fl4t5^ 20 
[0 0 6 0] sfrtaffittftox^T, »^gttLt* 

IliftfgLftt^frET' 1X10 " 8 Tor r UtT*<*F* I- - 30 
<. £6111*1 x 1 0-'° To r r 

h #05J!lP»*fr tt. 80~2 0 0tT5 B#WUi±^S* 

JSl[jitfna*frH«l:0ff-5. S£Wf§l*l<aiI^ tiffin 
<£< Cti^St, l~3xiO~ 7 Tor r WT^ 
JftK. $bi:ixi0" ! Tor rTO#l:5f*L 40 

[0 0 6 1 ] £j£{fcimSfT^fc»0>. fBi>)B#OT#Bla. 
[0 0 6 2] cro^oftK^^ffl^.^^ffl'T-SCchlCcfc 
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[0 0 6 3] 1711 n^fflasBtro— w*^-r«^H 
-?*o. cc3ji^jaasiifiaiiffiWfliiK«tLTo«fl6 

ft £ is] i; gflft II liH 4 II L, fcft ^ £ IS] -co flF# £ f* L 
TH*. B7K43HT. 5 5ttJt£€HB-e*0. 5 6(i 

T&D. 2 6^3(^111, 4tt#*tt*IK. 5liW 
^tttHSBT**. 5 1 t±* : f-ttW* : r-i:*^fllffiV f £ 
BlJnrr-SfcfeOWK. 5 0ti^7-*ffi2. 3Hflco#«14 

mm4&mtiz>mi L n&ii i f ssut-rsfcs&ottdftfi-. 
5 4 ii* : r-co* : r-ttiti»«fc oMtt^n^ftmsa i e * 

H«t4fc*ffl7y-K«it?»S. 5 31*77- 
ft 5 4lCSJ££EPftD-T-2>fc46£>iSJEttilil. 5 2\i%=F<Z> 

lkV~10kV©«ltL 7/-F«ffi£«i^tti 
JS^tGOeittH* 2 mm- 8mm©Kl t LTW5££fT 

[0 0 6 4] H£g§§5 5rtCtt. =FBjS<D*3ff-^a> 

F5rS©X£f?fflSn r T<73i8d^¥fMffi ; £fT S «t 3 lift o T 

>^6ft£it#CDi«ilC£2£»&tM{l. >f 

^FH^COt — ^ — II«t0 2 0 0 < C£TJSn8*T#£<, 

[0 0 6 5] 08li. H7l^LfcK^MSlB«ffll'» 

fffli«^«SWi:SLfciTS5. 0 8 11*5^X12. 

X. ttliSTSLTV^. ft*3. 

X^r-^T»-&. 0 8^e.t)^6^ftJ;olI. *%W^r 

jiffl5I^ftS®fg#S«7-«camT-H. *fcttl*i*ftl ell 

[0 0 6 6] fip-6. < I) JMS^ttfcsmffi (L#^fil 
«IE4:I^-K. HSffOV t h) Ui±£>lit7-mj££EPflQT 

t hJ^TT««cm«8it I e^St^t'ftWSn&n. o 
SO, «ft±i*8ftl e lcM-r^)W5SftL#^f«*ffiV t h 
SI^-afcl^MHBiR^T**. (i i) ifcfflfiifc I 

7-«(XV fTKffllX^^. ( i i i ) 7/-HM5 4 

icif«i*nattai«ffiftt. ^^*jiv f srEnsrsBtw 



(8) 

13 

£o 

[0 0 6 7] &£©««H«fc011#Sn*«fc-3K. 

[0068] H8ic*j^Ttt. as^aan fA'iftE 

V f rMI«fttJ <t»^ 

■5. ) « Settles Lfc. ^?«8ttl fa<*T*EVf 10 

[0 0 6 9] *»W£^l*f)efc*^ttffl*^<D«aB« 

[0070] m^ttffijis^oia^ji-onTtt. a*»t> 

OtfSfflTS*. -^JiLT. ^JlcEBLfc^&W* 
ttBriUmvMJfrXEire**. mMfivHJ** 30 

[0071] *§m&mm*st&umaixmm*¥iAM* 

^KOHTtt. WifiUfcttiO (i) ~ (i i i) 

timmz&VT. ma&mmnrtiimmr&MKi'-z* 40 

fttWI6IW»"Ct4. 

[0 0 7 2] KTiWElCitJS. *%W£jgffipJfig 

T. H9*ffl^TiMrr*. H9H*Sl»T. 7 1 
M«. 7 2ttX#|6lE*. 7 3«Y*I6IEI»T**. 

t >liSt6 S (0 £ <b T A o T *> «fc 
[0 0 7 31 m*CDX^(filE^7 2 tt, DX1. DX 
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-5>o Y*[6]E^73H. DY1. DY2, ■■• . DYn 
ron^EMLfcOftO. X#|6|E»7 2£I§I«M::JBJS£ 
tl-5. ^nem*C0X^fS]Ei^7 2 <!:n*©Yffiffii 
7 3 tOffiClte. 5pB^OSfffl*e^B^aattbnT*5 
0. PS#*«SlWI3»(tUTl»4 (m. ntt. &(CiEtf> 

fift) o 

[0 0 7 4] ^H^OHfW^Bti. EtlB'l 
Stl5. «Atf. X^rS]Ei!S7 2£BfiJcUfc£«7 1(75 
«S7 2 £Y7J|6]Ei(&7 3<0&2«<©*<fc£K:i»*.»*«fc 

•5\z, mm, tm. jgiERjgsn*. x^isie 

«7 2tY*|6lB*7.3tt. *n^n^«SH^tUTgi 
ffflStlTl>5. 

[0075] ^m&mmwLiami-i 4zmi$.Tz>-ttv> 

[0 0 7 6] E& 7 2 £E*Si 7 3 

£*l«^*»f*£E*»fWfl-"e»*«£i::te. 
««c»ttLfcE*tt* : f L *«t«'^-tt)-c#r*. 

[0 0 7 7] X^f6]EIS7 2lwtt. XTjfaKE^UfcS? 
Y^|6lEi^7 3 tCtt. Y^OKE^lLfcatBfi&SJ 

sit # i &mm^ outs t l t ^ . 

[0 0 7 8] JiE*»«K*lr»Ttt. M^MJ?XE 

ilf^ffl^TtfBXLfcili^^SB^o^T. Biota 
1 1 RtfH 1 2 *ffllJ"C»WT*. 0 1 0 HB^fiXg 

^„ Bl 2ttNTSC*a«)f HfBfClK^TS^ 
[0 0 7 9] H10WT. 7 lttm^ttWSS^-SM 

.jy-/^-^, 8 6ti^^XS«8 3«rtffill®^SS8 
4<h/^JU/N*-v^ 8 5*0<»J*Snfc:7x-X:7V-h 
T*4. 8 2ti. ^»»T*0ttW#8 2ttt. U7 
3 yi.-hSl. 7i-77U-M6d<7U'vh^7X 



(9) 



W^dR***^**. SHRf 1 "?. 40 0~5 0 0'CroflI 
[0 0 8 0] 7 4tt. H^CHSttSft^JtttbfiRKttS-r 

^> 0 72. 7 3(i. ^mBm-mn^Mnam^-^^m 

[0 0 8 1 ] *1-B8§8 8(1. ±iz£co£n< . 7i-X^ 
-h8 6. £f#tt=8 2. iJ7^-h8 1Tll«Sn 

U7^1/-h8 ltt±CS«7 1 10 
BMTRttSn-afc*. St67 1 a#T+^«t3S«*«r 

£*. EP*3. S«7 HCj|[»^«f»8 2*tt*U. 7i 
£##8 2&tfg*£7 1T*VH»8 
8£«ffifcLTfc&^= 7i-X7 K l/-h86. 'J 

ryu-h8iffltc. x^-^-<tJ:«n^^0^w^ 

£fcO*VBg§8 8*«^Iit)tt^. 

[0 0 8 2] glltt. »3(£K**-r*^HT**. fi 
3t«8 4tt. ty?P-Aro«&ttf)t#^b«fi!E 20 

BH^ltlJ; O^'V^Xh?^ ^*5l»H^7 '^7h'J 

^^ttftuftfn*sie#*W9 i tmjt#9 2 

ffl^enx^i^^i^tnttM- so 
[00831 ^/7xsfi8 3(ca3t#*a*-r*^* 

saa <a#. r?^s>yj <hm£n-5« ) *frt». 

[0 0 8 4] 7i-X7"l/-h8 6l:H »C«jflH8 
4<D®€ft£i«s6-i>/i&. S3ti8 4<D*Hfi«KaiW* 
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[0 0 8 5] 0 10 (c^L£ili{gt0J*£Bte. 
T<0«fc-5lZUT»iS*nS. *Vffl§§8 8te. Htiaiw^ 

ibWiJiSns. ^H*8 8<ott±a©*^as«i«ft-s 

B8S8 8(Ottlh*ff-5itlW**''»«ttit*«-. Stnto^ 
1 X 1 O-s^Ullx lO-'Tor r<nMQg.Zmft 

[0086] &iz, mm-? b v 9 x&mom-K&m^ 

TmtiLlstZ&xirt*MZ.. NTSCMWf l/tmi: 

T. 1 0 l MflHfeasiS/'WI'. l0 2llilSiB. 10 
3 ttfflttlltt. 10 4li-/7hl/yX^T*5. 10 5 
tt^O^'J. 1 0 6 ttram«#»«Bltt. 10 7tt 
giBf§*fi££§§. VxfttfVatti&«£*EiB"C?**. 
[0 0 8 7] S*/^*^ 1 0 1 H, SS^D ox 1 ~D o 
xm. JSfDoy l~Doyn. &tfi«!£$£^H v £fr 

oxmcii, s^^jurtfcasitt^nTusa^aa. eh 

5. MffNy>J«)tf5>l««CVhUi7^E*Snfc.*ifiei» 
[0088] SfDoyl-Doyn HUIE£«m 
Sni. iftffiMHPHvKtt. ilSit*ffi©Va=t0. 

tfioK [v] ojtatE^ffi^WJ&sna^. unuss 

[0 0 8 9] j^^ESIBft 1 0 2 t^t^SWn. 1^1 ®B 

0 [V] (^7>H U^JU) *$:IWL-. 
a*/^*;H 0 l^SS^Dox lftliLDoxmtSg 

faJ^lslK 1 0 3 tftiitirZfflWmnT scan 
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[0 0 9 0] fc8ll*ffiSVxtt. *«0»^IC«SiB(5 
[0 0 9 1 ] *1P(h!K 1 0 3 it. tV&£Q\HT*Mm 

^^^^tir^sftg^ff-r^. sjwih]|& i 0 3 tt. ftttife 
vftimwt i o 6 =fc o m.c>nz>mmms%T syncci 

■JUT. fi»l:aixTTscan&i;Ts f tStfTm 10 
r y 

[0 0 9 2] ISHW^^IftlilK 1 0 6 tt. *»J&>SA*J 

^iMKEitti o 6c«fco»«i*nfcH»im^tt. a® 

IklstZo 8DATA«ftt->7 hl/^i' 1 0 20 

[0 0 9 3] ->7hl/yX^ 10 4H Wr*5>JttK-> l J 
7;H:A*Sn5itBDATA«f*. B«ffll7-f> 

o 3«fcoai&tia«wflM»Ts f tus-^^x 
ttfrrs (bp*. m«hi*its f ttt, ^n/^ 

tt, I d 1~ I d nC0Nfla<D3fe?iJfl^tLT^SH->7 h 30 
Uv?X* 1 0 4cfc0tU*!£n-5. 
[0 0 9 4] 1 0 5tt. ham ^oft-w 

mwiitti o 3 xv^nzmmm^Tm r yjcse 
oxiii: i d i ~ i d n(?)i*3®£iatrT£o K«snfc 

rt^li. I' dl~I' 'dnirLTta^^n, flfl^ 
Ml 0 7 CXasn*. 

[0095] gisim*tf££§§ io7B. mm^-? i * 

HJ*J«*IW:. a?Doyl~Doyn Sl^Tt^* 

[0 0 9 6] flfjaiLAcefcoi;:. **W*iiffl"Iffi*c* J P 

-c^a. fli^. a^ttHncuwa&us^ttftffiv t h 

#*9. V t h^±«*J£*Enttl$nfcB#c7)^-«^«(W 
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[0 0 9 71 LWbT, Aflffi^lCtfUT. *T«[ttl 

LTtt. gl9{§^5££g8 1 0 7 tLT. 
<Ojj[i9«*«ll|-rs«t'5&*)E«»*SC«)lHltt€:fflV»a 
[0 0 9 8] /WXWgWfcaSWrfcKKLTte. 

gism*§-%£s§ i o 7 tit, — se«oftss«[<o*ffi-'^^ 

[0 0 9 9] y7hl/yXi'10 4-?>7<>/ ; t l J10 
5 (J. xv^JUm^WfccD^fcT^D^ffi^Ot© 

[0 10 0] xeWMt^HSSJB^SW^Ktt. ^M** 

-rs^B^****. ^mcni 0 6oa^i»i:A/Dt 

«»«#fE*» 1 0 7 iCfflt^ftfcEi&A^TS&ofc; 
««li^f6*» 1 0 7 Ctt, #J*J£D/A^& 

giim^%£^ i o 7 tea. ft 
x am >$ w?£i§§§ s. tffssggw a * -r * s * 

) [0 10 1] 7taf»§*ffl^fctE«B*a«i 
<D»£l;:tt..«*.tf. «JE«WSlftlBEI» (VCO) * 

sje * -c*ffi«i«-r * * <b »«« * * ^ fc fc T * 
[oio2] iro.fcSfcW&fcfcofca^fftWfcasffl 5 ! 

0 X-afDoxl-Doxm. Doyl~Doyn^l/ 
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SS^-H v£frL-T/*JWs* y£ 9 5. aSW*aS«8«tt 
[0 10 3] ££Ti£^fciiB*S*JSI£B<0«Jditt. *5£ 

ov»T«. nt s cii&zmirztfKfimmt^tuzm 

5n*t><*mifc<. PAL. SECAM^fttl. 1° 
MUSE*a*tti;*tt5i8flttTV) #i££t>$£J8 

[0 10 4] ^ic. ttbrSEB^fc^Sft 

gfiK-Dt^TH 1 3Rtf0 1 4$rffl^T^f^>. 0 1 
3d ttL^SKBOfc^K^-W**"*"*^-?* 
«. 0 1 3C6t>T. 1 1 OfcMTPHSlR. 1 1 ltt* 

fftttl^ft^S. 112. Dxl~DxlOH «f 

ttm*^ 1 1 a*i i o±i-. xjj\$iiz&mz& 20 

Dx9«. «*.«Dx2. Dx 3 SPI-EIS 

[0105] Bi4ii. nucrsiEiioVF-jSi^flfcfc 30 

1 2 0 ttyj y H*«. 1 2 1 li«^#ilj&-t£ 
fcti>£?L. 122IJDoxl, Dox2. ••• . Dox 
m^Ote*****^**. 12 3H y'J v H*i 
12 0illMSnftGl. G2. ■•• . Gn*>5&4* 
3§nSS^ 1 2 4Hft*WIBl©*aEllt*Ii]-E*«!: 

[0 10 6] 0 1 4Kl*SHTte. 0 10. 0 13 \ZtkL 

«F^*f*LTV»«. ££K^L-fcS!«#filil£Bi:. 0 1 40 
0CSl,fc*«v h U >7iEI®I«»lSfilt©** 

ffltcyj v h'fltS 1 2 0 £{B*.TH*a*gA*T»S. 

[0 10 7] 0 1 4K33HTW:. StSl 1 0 t7i-X 
TV- h 8 6©WlCtt. y FW«1 2 OTWSttfcn 
TUS. yj-y h*€ffil 2 0H. affie#®lftW* : F'^ 

a l rsEB ©s^ff t u xiatt e> nfc x h =? -r zr 
lt i fifopjgroia i 2 i tfRttsnrn*. yj 51 
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[0 10 8] M^iS^l 2 2&tfyj -y K^gg^iS^ 
12 311. ^H*roWWlilKt«Sl«lc:»HESnT^ 
-5. 

[0 10 9] *«<Z5B«B»«eBTtt. sR^ff* 1 m-f 

[0 110] *56WOia«»fi!EiSBtt. rkfya/ii 
i£W^gB, ^Ufcf^^X^A^n^a--*-^ 

>*-i:LT<0iH«»£3£B^£LTfcJfl^S££ 

[0 111] 

(iit^¥®0) . (b) (su^wiBH) ^^-r^<^» 

[0 112] *6*tt£g*gl 5 ltLTH^Ifi^ffl^. 

fc. *«15 2. 1 5 3J«Lfc (015Oa) . t 

>*-*£U tI«fiSW5500=?O>/-?, 
d £ 1 0 0 0*>^X ha — AtL-fc. 
[0.113] *C;t^i7h (BJ) 

7ftUfc&. 3 5 0X3T 1 0#|BJ©ijq*M!l£SL-"C\ »ft 

;^y9A (Pdo) mm? wmm-. 2ot>n 

hP-A) ^SftSBI&^K (#«tt»SM) 1 5 4^ 

a>/-^ c hLT*ISl 5 2. 1 5 3CD«5f£4>!feg&fcE 
KUfc (|15©b) . ft*s. l 5 40 

hftKtt[«3 X 1 0 4 Q/DTftofc. 

[0114] z\z\-cmsmy^'>'^--y hftici^W^/N" 

aa(©weiai5 (b) tc^L^mich'-y h 

BiktUO. tf-D^e h'-y hHBBtC|6l7S»oTMff»fli* 
I^OCtWofc. Mfftt. *'C.»AU 5nmT", Hi 

[0 115] (3) «EV»T*f6iW<0«faT**7*-5 

5 >yt»tfn5i«»itt. jjs^ma 152. 153 

fHUc. ^0*»«ai < tO. ffi«L. MttffBl 54W 
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15 (c) ) T. >tf<DW.I£&LBV>&l$:m 

2 iis-r. 

[0 1 16] 0 2 1 *3<fctfT 2 tt. «J£i&JfJ 

<0/Ul/Xfifc/WXMR|-l?*O. T1«15U&. T2 

/wza>fcr-?*JE) Ji. o. lvxfv/o'o, tfiD 
1 O f To r r <0jSC£3?HttTTffliOLfc. U 

fc. WiJitO&iafilWtf-^ffi I ma xii8mA. Z\<Dm 
©tEVma xli8 Viftofc. 7* — 5 >y»*?7l3 10 
[maxl;jttLT2 5 2 m o £ d 5 <h L 

[0117] (4) ^lt^hStc^x^h^. 

ttSSJRftfi© 2 %*Jil±^.J£#BfaT'3 0 ft-Wil^S 

*ff oAco ^ntt«ffl*nfcja7cffl.ae» 1 5 i \zm^- 

*Tfflll*ff-5t)OT (H15d) . AtraiLfc*:^* 
^ti->-hfitriT'3 X 1 0 2 Q/Dtfcofc. 
[0 118] (5) ^LXmmzmi 5 (e) KliSLfc 20 

*. Ig©f*!«tttBl®Btl^«fCLTtT-5. Hft&cT) 
J£. #J*.tf0. 1 VggCDfllEET-. * : P*«E*»l3e^. 

m IZU * TcfeHJE&iStt © * V m a x 5 V <h ^ -5 {£ 

*8!tKii5ffi»tf-? I ma x 1 0mAT7*-S 30 

x/amTLiz. ?*-s>y&. K»*tt*Hi5 4 

fllSStWrSA^fc^-pSB^^iflSTJBdcSnTlifc (0 
15 (e) ) . 

[0 119] W±©«t-5HUTf^«Snfc*^-tC^lf» 
JlHMtSftl f ticttfjSfttHeSit I e £8«j£U fS]C?*Sft 

(%) zmtofzo *<D&m, m^wztfi 6 v»b#, « 

^jjfttfl^J* 7} tt 0 . 1 6 %, MMmt 1 %T'3b-oTz. 40 
WEttt>&< 1 0 OfiRiftLTMMWStttt-r^T 2 %U 

[0 12 0] *c*5, JB3£*ffittfilT«>J:-5-C**. 

H7IC*SUT, lttlfillkttMtt. 2*3«ktf3ttfl«. 5 

MTmttim®.. 4tt*atwtti**tt*fc«e><o#«K. 

5 i ttas^cfcjE^Wttrr&ifcJJx&SSt. 5 o teig^B 

mi f &fflm-rz>rzit><»nffiBt. 5 4\tm=f-\z^o^± 
Tzi&tiimmi e&fflfe?2>fzsb<DT s-pmm. 5 3 
ii7y-K*«5 4ic*m*ffl»i-r*fc«e>0>»i£*s. 50 
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5 2ttttffi««ft£«J&r*fc*<0««Ei|--C&S. 
«£«T-<fc0. _tKttHJ*St<fctt. *«Eff 5 2 K 

Ms i twstms o £.&mtttL. smnmrnTom 

«l;:M5 3 t*«[fh5 2 t^f^L/:7y-KSffi5 
4^EiL. x 1 0 5 tor r ©IB«ETTIS»J 

3££?t?. Wsete**^. M»*«Ett, il6l:*tJ: 
oil. &8»*8iE= (lx/If) x l 0 0 [%] wm 

sna. i r ttKififtffiVdtciii-tssR^ft 

SrtfflT^O. I xtt, jR^WJE^-tPOtS^Jli^ftSfE 
IS*il[|(l<OB»*ffiVdT«>*H*fl[T**. 

[0121] mmw 2 ] as 1 tf>nj5t#j<7>^ffi£#M 
w-r*. *^aa<o— as«)¥iBBi€:Bii 7tc^-r. 

0cfJ(Z)A-A' »r®0£0 1 8 IC^T. fcfciL. 0 1 
7. 018, 819T. Bli;E^**Lfct>®tt. ^ 
t>C0£i*T. £;iT7 1ttS«. 7 2 tt*JSfi»«-C»M 
LfcHi&^/£g«0 1 0<ODxmC»JCTSX*ieiE« 
(TiEUlt . 7 3tt@l 0©Dynl;»J6t5 

Y^rfilE* (±E*4:fcff*) . 4ttU»«te«gl. 2. 

3 ttfc^m. 1 8 1 t4Hw*fe^B, 1 8 2 itm^-mm 

5 <hTSE*§i7 2 t«S![Mtttt©fc*«)3>^d7 h*-;u 
7f»4. **«g««JTtiX77rfi]gHi^^3 0 0. Y77|6]E^ 

^ioo^bxl. 3 o o o om<D^{Rm-mm=F-tktam 
TzmmzmtfLt^tz. K\zmm.J5&*m 1 9icj;oi 

[0 12 2] IS- a 

#{IJ;0J¥$ 5 0 AWC r . US 6 0 0 0A«Au^ 
^fgBUfc^, 7*hU->*Xh (AZ 1 3 7 0^Xh 

a»> ^^tr>^-- K«fc9iHitEa#. ^-^Lfc^. 7 

* b^Xi/^^g^, StLT. TGH7 2©l/yXh 

>yux. mmvBVxnT&mi 2^m^tz (019 

(a) ) . 

[0 12 3] IS- b 

Ife^tS 1 8 1 £R FX/'WS'ffiKiOJfcfKLfc. (0 1 9 

(b) ) . 

[0 12 4] Ig- c 

8 2 $©fiKTSfe46W7* h h/^^->Sf^0. 

^n^vxi7tLTHw*eiaa 1 8 1 *x-v^>^lt 

3>^/7 h^-JU 1 8 2£ffi*fi£L£ (0 19 (c) ) . 
l7f>^JCF< <hH 2 ^/X^fflUfcR I E (Re a 
ctive Ion Etching) ?£l;:«J:o£:. 
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[0 12 5] Ig-d 

/^->47*M/Wh (RD-2000N-4 1B 

T i . 12 1 00 0 AWN i £AB#i£«l^. 7^ 
yXh/^->*W»»«l"PB»l/. Ni/TiJt«« 
£ij7H*>L. *^*«IWKIG«2 0 5^P><!:L. 

2. 3£flJfiSLfc (0 19 (d) ) . 
[0 12 6] IS- e 1 

m=f-nm2. 3<&±K±e«7 3C&-7* h/t* 

->£#l£Lfc&. £ 5 0 AWT i . JP£ 5 0 0 0 A 

Lfc (020 (e) ) „ 
[0 12 7] XS- f 

(0 2 0 (f) ) . -TfcfcS. tffllffi^fvyG 

?\Z£Omm 1 0 0 OAWC rll 9 1 J: 2 

Di£*S • /^-->yiy. ^-W^AIlW&Pd (ccp 
4 2 3 0!JiPFS}ll «*) ttK) S (CctOlilte 

3 0 0 1 T* 1 0 L t. * 

Ac. CI? LT0j££nfcPdOx££f«#<hL/c?&*if 
a»6fc<5#*tt»K4CDKJ*W:l 0 0^>yx hP- 
A. ->— hffifiiflStt5 X 1 O04iQ/DT*^ofc. 

a*n(i. fi^o^ofcttflB <»ttfc£tr> w i 

[0 12 8] IS- g 

CrI19 lfeJ:tffcJ«»<0*«tt*IM*fcI-;/^ 

> h \z. «t o x ^ > y l t mm <n >\ 9 - > * & 1 1 

(02 0 (g) ) . 
[0 1 2 9] IS- h 

9 h*-;U 1 8 2S5^^^HU^X hSfcUrr* 
cfc?teA°?->£ff2/*U H?S*#J3«tOJPS 5 0 AW 
Ti, (IS 5 0 0 0 A«Au£Mg*itf«Lfc. U 7 
7 1: «k 0 TB«)»»SI*it 4 i t C J: 0 . n>**h 
1 8 2 £it#iAA//f (0 2 0 ( h ) ) . 
[0 13 0] UiUKBHH::«fcO*ft»tt£«7 1 .hlcTE 

7 2 . HffltefM 18 1. ±SE*§! 7 3 . 2 . 

3, «ttt»K4**»)«l/t. 

[0131] m.tO.fc^fcLT^KLfcft^S* 
fflt>Tl!S8i*lftSl/fcW*. 0 1 0 £0 1 1 Sffll* 

SSftttHif £f£S3L£S«7 1^U77"U-H8 1 
.hlCfi&SLfclfe. S«7 lW5mm±73tC 7i-77 
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^LEIL, 7I-X7-I/-F86, £##8 2. U7 
7l/-h8 1 <D&&WZ7 U 7'h«7X^ltl. 
fT4 0 Otfl 5#Mfcirr*;i£T*t*Lfc (01 
0) o ifc'J77"U-H8 1^WS&7 10i^fc7U 

if. 7 2. 7 3H^-n-g-*nX73fS]fcJ;C/Y77tfilWfiH^ 

[0 13 2] ^5tlS8 4tt. ^E/^D — AWW^ttEtifc 

IWl £?&#U M8 4^SLt. Zf 
[0 13 3] Sfc. SM8 4<DrttSffl'J^liffi^/^JU 

[0 13 4] 7i-X7"^-h8 6(:H M 8 
4©#*tt&B*-&fc«). S3t*t8 4o^ia«i^aw« 
is (^F0^) a*RW-'&ft*«£'fe*a#. #mifci"e 

IS Lit. 

[0 13 5] Wj£CDif*«:fT3!R. *7-<B«£te&& 

[0 13 6] a i© J: 5 I: l/TSU Lft* 7 X^Sgl^© 

U -H*&X£«tIiiLfc?£. SgJV«fDoxl~D 
oxmtDoy 1 ~D o y n £ili;*f Jftttiif 7 4W 
«S2. 3fWl;:*ffi£EPJnU 

WgR (015O155) £. VftttWHt (0 1 5 W 1 5 

4) ^-7^-5 >^«as-r-&^<hicj;of^saLrc« -7* 
>^aagw«jii&©£0 2 ic^To 

[0 13 7] 02 tCiotf-ST 1 *Sj:tfT 2 te. ttffiifc^ 
O/W*M£/*Jk*|B!HIT*0. T1*15'J8>. T2 
*105U»tL. Hftfl£Wfl£S5fi (ilS7*-5>y 
/i/uxwe-^«J£) tt. 0. lVXf7^, m»D 
1 0" 6 t o r r<&*£»BBSLTTB]ttlLfc. 

[0 13 8] fc*S. £tt»fflT<&*a«l[ 
*H3li*L/i. l if &fc0W«SttWfl£,t5{twe-^ 
llmaxlil 0mA, 3 0^©tSVma x li 1 2 V 
tte-ofz. 7^-S>^7«lmaxl:i}lT20 
%W1. 4mAlCft-3fcti5tLfc. C^T&i£-t<5 

[0 1 3 93 *LT^Clca7C^X»HS!ltUTaE*#«? 
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mm^tM^n-otz. mmvtz^^n^t^-h^ 

[0 140] *LT«tfcKiS7C»<0#*«:»ia«:. 
RST2*C. #*1£*Ill4«:J§3rWl;:«£«. £JBL&V» 

tE&lSf Vm a x 6 V tl^fitE. «8fc« 

mmoiMT&frOW-Z Imax3. SraAT^t 

[0 14 2] £4JiO±-5lvl/Ta7C*ffofc»7* — 5 

[0 1 4 3] *C1 0©V-r-*-X6*h-JHll*W>Jt£ 20 

it*, *HiS«*»£#xA-*--e»-ra££-e» 

# Lfl-fflgg<£>itlt£fT o fee 
[0 14 4] fi8Ktt±&<B*M£H#T*fc«>K. 

[0 14 5] *fc. JiiliroXgTf^SLfc^ffiSWSffi 

0 1 CSLf^ISOgffiiSSf Sffltf « L . W 30 

ttffl4$tt<&W5££ -htfi^B 7 (OM^ffMB^ 

H««t« ; F*!cttJ* : f-|BloeiB*4inm, 
kV. 

1X10 OV'ftX 6|torrt Lfc. Jtlfc-tf- 

40 

[0 14 6] ♦SR^-m. *^-«BE9 VgS7i^M«C 
I f#2. 0 mA. ttttittSE I e # 3 . 

i e, i f (Dmi-mx'oy^mmmiti oxwtt*^ 

fc. fc»tt»Ete3 0 0 0 0iWtWT2%R 

[0147] ±&<Dm&>-? h u * xfiEBcom^ as 

S)SKTllWLfti*/WH2 1*. NTSCMW 
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[0 14 8] UJiro«fc-5i::LT^ji£Ufc*f£ilHKMte 
H«©i«SIUl*s^T. Sfc^SctH*?" (H10#BB) 
IC. SB^Doxlft^l/Doxm, DoylftK 
LDoynSli;. HBESHUnr* - £ ic«fc 0 . *7-#t 
tUS-fr. jfiSEJ8THv«rili;. *9)Vrty9 8 5, 
tittSfflftS (^FB*) IC 1 0 k V<Z>S5J£2:EPUPU M 

Te-Asaiu «3t«i8 4t«^$-fr. rate-aft 
^^:it-. <&mnm.fiT\ mittmrn 

Z&^Ltz, 

[0149] u±&'<izm\z*fim<?>m7i9&m#i&7 * 
mmx'Zfz. 

[0150] [HHfitt 3] 02 ltt. 

-f /t*W!>Bft@tt. 2 0 2IJf^fX7'l/i'3>hD- 
5. 2 0 3te-7JI/^7Ui7-9-. 2 0 4lir3-^. 20 
5liAW^'r>^-'7x-Xlp]^. 2 0 6liCPU, 2 
0 7 2 0 8^«ttX2 0 9*3ctZ>'2 1 0 

ttBilft^'J — f >^-7i-^@B. 2 l ltiiB&A 

*K >$r— 7x — *ISI&. 2 1 2i3d;tf2 1 3ttTV<| 
*ISfma». 2 1 4ttA7jffi'C , &S. 

tiitfl6Bi«u&^ifj»««<osM. 

[oi5i] sr. Tvmn%m®&2 1 3tt. e>j*.«' 
snsTVHi(i!^*sm-r*fc*<oEitt-e**. s« 

tf. NTSC?J5£. PAL^iS. SECAM^aat'© 

^t-s^o Tvm^sfttHiK2 1 3T%mzntzTv 
m^tt. 5^=1-^2 0 4 lemons. 

[0 15 2] TVm^SfilHl»2 1 2tt. WAtfHtt^ 
(5HISn4TVBi«m#*fi«TSfc4<)©la]»&Tf*5. 

«rETve#s«iaii2 1 3tra«c, affl-raTvm 
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isntT v« o 4 icdu^ns. H<£ 

A*K >?-:7x-7.[h]?&2 1 ltt. 

^ Biftft*a o x * v i— ft t* <a ggffc A g e tt£ 
BBfftfs^ii-r^-^ o 4 i-m*i£ns. Hfit/^'j — 

<>^-7x-«2 1 OH. k'T^ir- :/UH-y 

- (ttTVTRtRt) llKtt£nT^* 

2 o 4i;Ui^$n-5o HflMtu-'f >y-7x-xiu io 

— ^ 2 0 4 I'tU^nS. HHftjt^'J— -f — 7x — 
XH&2 0 8&4. ^t5($^^±iB5 r i' X^<7)J;otr. # 
ihH (fcx- ? * Ett ^ T ^ -5 SB £> Bi<fcM# * St 0 & 

/2 0 4l:A^^ns. 
[0 15 3] At«*M >y-7x-X[S5&2 0 511 * 

assist. ^a5©a>e^-5' : bL<Hz]>e3.-y 

H<7-^t>L<t4:/'J >*-fc£cBffl7jSR£SI* 20 

<£>AtH;>i£?T?tf>i4t>^5A,<ac£. «&icj;oTt4# 

SSSM^.'SCP U 2 0 6 £K8tt<DfflT'MWim^ 

tkm?" - 9 <d Ata t> ft a & n 3 z 1 1> pjust * s . 

[0154] Hifc£/Sle]S& 2 0 7 (4. fftfEAffl^K 
-:7x-XfH]i&2 0 5£fl*LTfl-aa»SA*j3n*iH{* 
r-^^X? • 10^^- »4HttCPU2O6«k0 

usnfcssfflMf-^n xn-y2 0 4icm^^ 

S2 0 5&^UT^gPOa>t:i-^^-y 

[0155] CPU206H £tUT*S*SBOft 

ff5. 7^f^l/?^2 0 3CM»fi^^tU^ 

LfcOm^-^^ti-fcOf ^><. Sfc. ^<£>P&tCt4^TS 
iS^m^«CJ^^TX'rX^U'f/^^Jl^=i> 2 0 

2ir#LT8?]tWt£%£i- iBiii«*H«[«c^jfeft* 
j£ («A«-f u— >-r 

4. SaiEBi«*l«lHltt2 0 7t»LTiBlftx-^ 

^X^-H»«**iaHEm^LfcO. **WiWEAtii 
^ >^-7x-X0i&2 0 5£:frLTft8&<Z>a >Ka 50 
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ttfU^A^-r*. ft**. CPU2 0 6I4, tsz/vznu 

a- y ^-Jl/ a > t: i - ? 7 - K 7"n -fc: •:/ -tfft 

^<&S^(4. BfiaiLfe=tolcAtti^-f >^-7x-XtHl 
B2 0 5«rfl"LTfl-S«0=i>tf:i. — — ^ <tf* 

[0 15 6] 1 4(4. mIfHCPU2 0 6 K<£ffl 

[0 15 7] 0 4t4. 8tE2 0 7ai»U2 1 

0 7i5.=fctfC PU 2 0 6 <htfi|s]LTiii<&CDffl3l#. tf 

m. as*. «>k &»«*tti;*fr*iiiflit«ia^ > «^ 

^(;ifT^S±?lCftS<h^5f»]£#££nS7^T*$> 

So 

[0 15 8] 0 314. ttllSCPU2 0 

6 J: 0 Art3ft*ffl»m#K£"Cf£a*M«*ifi:aiS& 

-TSfeCOT^So Tft^^. VJU^-7U-^+i-2 0 3t4^ 

%^6Bfa<oia*«#*a!«LTK»Eitt2 o iica^ 

[0 15 9] f-fX7K^^3 > 2 

0 2(4. sfrisc pu 2 o 6=to A^^ns^itWft^-i-a 
■^#e»iatt2 o i<&ftfls*iww-r*fc«>0>EH»"ea 
So if. 5 s ■< x^u-Y /^*;ua)S*Wfti(if^«-H*>* 

eftisii&2o i icwuTW^-r s. f^^K 

-U-XtW *«ffll-rSfc*0)»^SKftlHl»2 0 1 (C 

^LTffi^-rSo «^HJ:oTt4S*H«!WWS 

«(cHt)5iww(8^*Bft@»2o ncwLTta^-ra 
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*)12 0 0l3HlJtoT*tt»ffi^£H£-r*fc«>©ia»T 

*l<h. Bfi8E7 ; ^x^'U-r/i^;i/a>ha-7 2 0 2ct0 
[0 16 0] tt±, S-»©«ffi*KWUfc*«. 02 11: 

2 0 0(I^-r*^t*«pTfl6T*«. -T&to*. ri^e 

0 4l=*Slr»TiS«8ISnfc«. T^^Ui7-y-2 0 3(3 10 

jj^-cfcHiSJRsn. e»iBiK2 o i icA^sn*. - 

<&#icjEi;TKi!iia»2 o i<oftf^*ftd»-r*fc»(oiw 
«ni*t*fE£T5. KftiaK2oitt. ±iaa^m^<t 

^sffint*. mi:<to, ^^xyu-r/^^jU2 o o 

pu2 o ejcfcoifcjgwiciwiwsn*. 

[0 16 1] Sfc. *»gBK*i^TW:. tflExn- 

^2 o ^cwK-rsHflM^u*. ntt^@K2 o 7 20 

««tt:««ttt**tti;«)fr4iii«waa!^. ^»s. « 
tt»^«n&^ofc*«. ±iaiii»«!La j fiii«!«@mii^« 
^3>«tai<o*s«ig. utr^»©ja*«». »itos 30 

[0162] ±ch 2 1 a. ttW 
^smoflWc©— m*^tz\z-?€-?. ending 

2 l»^f*g^©?5<$fflgM±M«/e£^&f£l::|ll*3 40 
[0 16 3] **SSflitC*St>Ttt. tofettise* 
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iH ** ^ Kft#fl5i £ nfc f - AK £ Riffle <t * o 
[0 16 4] 

n^a^^tsE*®* o *5 j; in*** < -r 

ffl^fc»atta:liHfta*«ll3&<ilS5I«4:&5. Etc. 
[0ffi«ffi*fri&<W] 

[0 1 ] ^w«s*w^sffie#s*^scm^» 

[0 2] *«WlCMteM-7*-5>2f«*ffifl£# 
[0 3] *«WKJ?»&a*:7*-5>^<B«ffiiftH 

fa t «8ii&i«{ii»M^^ svr 0ts. * . 

[0 4] *^llj(fii^**:M^^ffi(g#S*T^m 
[0 5 ] 

^WS^W^^^mS:W»fffi0T'$. 
[0 6] *5SWO-3IJfi»ii{;«4»it*ft«:*TH 

[0 7] fc^ttWftttSMJtTSfcftroMjeffffigB 

[0 8] *%WWS®fs«S*^«[til^T»»W«8!t 
I e *5 <fctf sfti^ Wtft I f tiftffiV f ©Pl^coASM 

[0 9] *f£Wa<iajilL-5*ltUfcTMJ**Ell0>* 
^ig * aft^-T -5 a^0 T * -5 . 
[0 10] *56W*<jafflL-5S*tt^hU^XEIl«) 

[011] 0 1 ocD/^^nciifflL^^^TtsM^^-r 

0T^-5c 

[0 12] *IEW^afflL-5*iS«»iacSH*NTS 

c 7j ROT- v t*m ^tfisuT^^fTfe ? wa>Kftii» 

£D^P-v^70T*i>. 

[013] *f£W*«affl L o iB^EtrotfS** 
[014] *%W^iSffl L ^ ^.BTEH^^^ilS^ffl 



(17) 
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[015] *%W#iSfflLo&#?S(ElC£PilftSffie 

Sit I eiiJctfs^ttSIt I f tmj-m&V f <BH«0>ftS 

[017] $?£W#iIffl L 3 -5*^-7 MJ * XffilW 

[018] 0 1 54><£>A- A' !BiI0T*^ o 

[0 19] #5S^#iifflL?£¥i(C? MJ?Xfi2B» 10 

[02 0] #fgW#jgfflL5£#*fc^hU^XgBB<£> 

[02 1] #%0S75<igfflL5-5iB{&^fi£g«£ffl<^c 

[022] se^ro^irsews^ttai*?-© y * - s. 

fffi(H]^0T'*^. 

[023] «co^®e#s«^«tw^^*-r0T 

1 : £«. 2,3: M. 4 : 5 : « 

TMffiSfl. 2 1 : 50 :$?SI2, 3 ffl 

*8tth 5 1 : WttmSR^^ftlEEV f 

fc a 5 2 : *^<o*^s^aw:oiicaj3n*;tt 

ffittdK I e *«jrr*fc»<0*«Effl\ 5 3 : T J- F« 
«7 4£«JE*Blttrr*fc«>©J«M«. 5 4 : fc^P© 

«^4S:ma«fcotttiisn*ttffi««Ei e 

[02] 




©7y-H«I. 5 5 : IE££B. 5 6 : #3U*>7. 
7 1 : *^fifi«. 7 2 : XTjfaffi^. 7 3 : YTJfaSS 

74: mmmzmmumi-. 1 5 : turn, s 

1 : U 77V- K 8 2 : 8 3 : ^7X|«, 

84:3i3fcfit. 85 :/?JW7?, 86:7x-X7 
I/- K 8 7: fiffiiSST . 8 8 : ftHgg. 9 1 : 
*tt. 9 2 : 3I3£<*. 10 1: a*/Wk 1 0 2 : £ 
1 0 3 : mWM&. 104 :y7hl/vX?, 

1 0 5 : 1 0 6 : l^ttiff ftttl§]&. 1 
0 7 : £SSft^?££8§. 110: *-T4SlS«. Ill: 
WttHl*^. 112: «¥ttUi*?-*IE«r5fc«i)ro 
&iiBB«S. 12 0 : y«J y 12 1: myitis 
t"-5fca6^?L. 122 :Doxl, Dox2, •■• . D 
oxmiO^WSf. 1 2 3 : yj-v 2 
OittltSnfcGl. G2. •■• . Gna>S/«cS£S*V 
ijff. 12 4: 151: £«. 152, 1 
5 3 : m z f-m.m. 1 5 4 : #«tt*Ml. 15 5: H^Jift 
HiSR. 15 7: StcSB. 181: HffltefM. 1 8 

2 : 3 y9V V tf— Jk 191 :Crl, 2 0 0 : f -f 
77H/UJk 2 0 1 : ^ 7,yVM^)V<DWSm 
K> 2 0 2:f-fX7"K3^hP-7, 2 0 3:7^ 
^TV^U". 2 0 4 :fa-^, 2 0 5 : AfflTM >^ 
-7I-XBB. 2 0 6: CPU. 2 0 7 : B0ft£j$[p] 
g&, 2 0 8, 2 0 9, 2 1 0 : Hfife^^'J— <>^ — 7 
i-XIK, 2 1 1 : H&AJK >?-7i-X@R, 

2 12, 2 13: TVilfSiiB. 214: A*lS&. 

2 17: #*tt»BlOf *«. 218, 219: #*14 
^MWSggli. 2 2 1: **S. 2 2 3: *?-ttm». 2 2 

4 : MttffR. 
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